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of Man-Machine Communications Systems for the Handicapped, '’ prepared at
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In accordance with the mandate of the Bureau of Education for the Handicapped,
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particularly from the cyberneticist's and special educator's coign of vantage.

Our major concern is to study the feasibility of employing appropriate innovations
that are matched to the child-controlier, in environments extending from class-
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Achievements with the learning-disabled are being demonstrated at field stations
throughout the Nation with man-machine systems under study. More recently,
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approach to the education and training of handicapped children.

Acs principal investigator of this study, I am grateful for your support, as I am
to C/R/I's sponsors at the Bureau of Education for the Handicapped, and I
express appreciation for assistance and guidance, without which this program
would not be successful.

Respectfully yours,
CYBERNETICS RESEARCH INSTITUTE
A
HK/rg Haig
President and Director of Research
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PREFACE

This report on studies of man-machine communications systems for the
handicapped covers the period August 20, 1968 to February 19, 1970. The program
was conducted by members of Cybernetics Research Institute (C/R/1), with major
sponsorship by the U.S. Office of Education, Bureau of Education for the
Handicapped, and partial support by Cybernetics Research Institute, Inc., and other
benefactors.

The studies described in this, the C/R/I Second Report, are a continuation of the
program covered in C/R/I’s preceding Interim Report, entitled Study of Man-
Machine Communications Systems for the Handicapped (Kafafian, August 19,
1968), under Project No. 7-0533, Grant No. OEG2-7-0705334237, for the Bureau
of Education for the Handicapped, Office of Education, Department of Health,
Education, and Welfare.

“Educators today have the responsibility of embracing those
applications of technology which are viable, and not ephemeral—
conceptually or operationally. It is their duty to upgrade the quality of
our Nation’s educational system.

“Your goals, as engineers, must be structured to support this
philosophy as related intimately to that objective. Yours is the
mandate, the obligation—even more so, the demand —to work together
with general and special educators. Let us advance our children’s
knowledge with the finest instructional technology and educational
management, along with appropriate equipment that will not end up in
corners of the classroom as mere impressive or depressive decorations.

“It is desiderate, now, that truly useful curricula, instructional
materials, and automata be more firmly embodied into educational
systems, in support of the most important element of this cybemetic
environment: the teacher, to whom all have entrusted the Nation’s
most precious resource, our children.”

—Kafafian. Excerpt from a paper “Man-Machine Systems for Aiding
the Learning-Disabled,” for The Institute of Electrical and Electronics
Engineers (IEEE) 1970 International Convention, New York, N.Y.
(Other boxed quotations which follow, unless otherwise noted, are
from the same paper.)
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Responsible and clear thinking national leaders have long recognized that a
society has the moral duty to care for its-handicapped individuals, be they physicaily
or intellectually disabled. The recognition of this duty can be traced from antiquity
as evidenced by the following account:! “During the pontificate of St. Nerses the
Great, descendant of St. Gregory the llluminator and Katholikos of Armenia from
353 to 373 A.D., a vast network of hospices, hospitals, and schools dotted the
landscape of Armenia. Immediately on accession, Katholikos St. Nerses

‘.. .directed that in every province, every canton, and every corner of
the termritory of Armenia the most suitable places be selected to
construct hospices for the indigent and the orphans, and hospitals for
the sick, the lepers, the paralytics, that is all those who suffered from
any kind of malady. Hospitals for the lepers and for ordinary patients
were established simultaneously and provisions made for their daily
needs and for giving the poor what was necessary . . . . In every district
of Armenia he founded schools....In his home the widows, the
orphans, the indigent always found shelter and food, and the poor
found solace. His palace and his table were always prepared to receive
the poor, the strangers, and the wayfarars. Although he had already
built many hospices in every canton and had supplied them with the
indispensable provisions so that they may not be obliged to leave their
beds and go begging, he, inspired by his great love for the poor,
permitted them free access to his palace and the lame, the blind, the
paralytics, the deaf, the crippled, the wretched, the indigent, all set at
his table and shared his meals.’

Faustus of Buzanda?

Circa Mid-5th Century, A.D.”

The fulfillment, in our day, of similar responsibilities can be realized. As man
approaches the 21st century, let historians record an era exemplified not only by
technological achievements that allowed a handful of courageous men to travel to
and from the moon. Let future scribes also extol the story of their 20th century
forebears, who balanced the scales in the remaining three decades, by directing
man’s attention to even more fertile fields to be conquered. New vistas here on
Earth, with humanitarian goals *o be probed and explored, are in view. Let us
emulate the work begun by the exemplary Katholicos Nerses with programs that will
benefit man, enhance his environment, and allcw his progeny to survive.

It is hoped that this study designed to help handicapped children, in a small way,
stimulates others to rise to this challenge.

'S. A. Essefian, PhD. Candidate, “Socio-Political Aspects of Armenian History,” Georgetown
University lecture series, Washington, D.C., February 1970.

2Faus§us of Buzanda, History of Armenia, ed. P’awstosi Buzandac’woy Patmut’iwn Hayoc®
(Venice, 1933), Iv. 4.85. Cf. V. Langlois, Collection des historiens anciens et modernes de
I'Arménie (2 vols.; Paris, 1866, 1, 239-—-240).

Cybernetics Research Institute
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This report describes educa-
tional, instructional, and evalua-
tive activities, conducted at Cyber-
netics Research Institute (C/R/I).
The purpose of this program is to
evaluate man-machine communi-
cations systems and appropriate
instructional procedures for facili-
tating the education of handi-
capped persons.

The term CYBERCOMT M» 3S
defined in the Interim Report
(Kafafian, 1968) includes the
amily of communications devices
which employ such cybernetic
principles as control of motor
responses through information
feedback. CYBERCOM* devices
include among others Cyber-
typery, Cyberphoner, , Cyber-
Toneg ), Cyberlex ., and Cyber-
lampy.,, .

“Cybertype” employs a re-
mote-controlled electric type-
writer and dual-input keyboard.
This keyboard or interface is avail-
able in various configurations to
match the performance capabili-
ties of handicapped operators. In
one configuration, the interface
consists of two sets of seven keys,
one set for each hand, or pros-
thesis. Most of the interfaces re-
quire a concurrent, bilateral re-

*Licensed to Cybernetics Research Institute,
Inc., for Grant OEG2-7-070533-4237, Bu-
reau of Education for the Handicapped,
Office of Education, Department of Health,
Education, and Welfare, “Study of Man-
Machine Communications Systems for the
Handica ”: under various rights in-
cluding United States Patent No. 3,507,376
and other patent rights in Belgium, Canada,
Federal Republic of Germany, France, Great
Britain, Italy, Japan, and Sweden.
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SUMMARY

sponse by the operator, consisting
of two key actuations, one in each
of the two sets of keys. Each key
is capable of operating a single
switch with a single contact. When
two keys, one from each key
group, are operated concurrently
in accordance with a prede-
termined code, the desired output
is produced automatically. Thus,
each of the letters, symbols, or
functions of the typewriter, brail-
ler, alphanumeric display lamp, or
other output device corresponds
to an assigned bilateral-input com-
bination of keys on the interface.
A principal advantage of this
communications system is that it
provides great flexibility in match-
ing the interface to the perform-
ance capabilities of many handi-
capped persons. For example,
children with muscular dystrophy
or cerebral palsy, and children
with upper limb prostheses, can
operate the bilateral-input system
with appropriate, portable key-
boards. “Cybertype” equipment is
intended for children who cannot
effectively operate the standard
49-key typewriter keyboard.
Interface configurations include
among others the following:

1. A split-keyboard interface
with two separate groups of
seven keys which may be
mounted on the arms of a
wheelchair, or strapped to a
child’s body.

2. A keyless typewriter with a
control-stick interface con-
sisting of two levers (no

keys are used in this config-
uration), each of which can
be moved into seven radial
positions, corresponding to
the seven keys in each
group on the basic 14-key
interface, for children with
muscular dystrophy or
other debilitating condi-
tions who cannot operate
keys but whose body move-
ments permit operation of a
lever mechanism.

3. A single-bank interface for
single-handed operation.

4. A foot- or fist-controlled
interface consisting of a
large area keyboard with
14 keys.

5. A contact plate interface
used with appropriate con-
tacts mounted on the user’s
fingers, and a glove inter-
face.

Cybemnetics Research Institute
has conducted a number of ex-
ploratory instructional studies
with subjects tor the following
purposes:

1. To investigate the relative
efficacies of the bilateral-
input control system and
the standard electric type-
writer for production of
written communications by
handicapped and nonhandi-
capped chiidren.

2. To study feasibility of in-
tegrating man-machine com-
munications systems into
classroom environments for
children whose handicaps



preclude other modes of
writing.

3. To observe the performance
of children with learning
disorders who are taught to
communicate through writ-
ing with bilateral-input in-
terfaces.

4. To provide intensive in-
struction with man-machine
communications systems
and exploit the flexibility
of bilateral-input interfaces
for children having specific
sensory, motor, or cognitive
disorders.

5. To develop and evaluate in-
structional procedures for in-
dividual and group experi-
ence with these bilateral-in-
put systems.

Two CYBERCOM systems,
“Cyberphone” and “Cyber-Tone,”
promise to extend the utility of
the telephone to those who are
deaf, lack functional s_peech, or
are deaf-blind. “Cyberphone” is a
portable, battery-powered system

contained in a briefcase-size unit.
It provides controls and displays
for transmitting and receiving
across telephone lines, but re-
quires no permanent installation
into telephone circuitry. The send-
er transmits a message by operat-
ing a 14-key, bilateral-input key-
board. The message or the output
may be received and displayed by
illuminated alphanumeric lamps,
an electric typewriter, a braille
typewriter, or other means.

The second system, “Cyber-
Tone,” requires only a Touch-
Tone® telephone for transmitting
and a decoder unit at the receiving
site. The message is transmitted by
using a simple, sequential, two-
digit code. At the receiving end,
the decoder unit aillows the mes-
sage to appear on a visual display,
electric typewriter, braille type-
writer, or any combination of
these or other output systems.

Systems developed and de-
signed in the present progiam in-
clude HAIBRLI.M, a new, unam-

biguous one and two-dot puncti-
form tactile writing system, based
on a center reference bar and a
multi-dot cell. Another experi-
mental tactile system employs a
standard six-dot braille cell with
two of the dots modified to re-
duce pattern ambiguities. These
two punctographic systems were
undertaken to develop unequivo-
cal punctiform tactile writing
codes for blind individuals who
cannot readily learn the standard,
six-dot, equivocal braille code.

The program also includes eval-
uvations of other man-machine
commaunications equipment, in-
cluding Patient-Operated Selector
Mechanisms,* or P.0.S.M. This
mouth-controlled pressure system
employs an efficient sequential
code of various combinations of
“*puffs,” *“no actions,” and
“sucks,” through a tube having a
mouthpiece, to produce typing
and other output responses for a
patient with nearly total muscular
paralysis.

“The deaf, deaf-blind, and those who cannot speak or have severe
speech impediments, who have heretofore been denied use of effective
telephone communications, will, we hope, have access to a new generation
of communicative and educational aids. These new telecommunication
systems should enable this population to communicate via standard
telephone and radio circuits.”

®Registered Trademark of AT&T.

*Proprietary to P.O.SM. Research Project, Aylesbury, Bucks, England.
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INTRODUCTION

“Strengthen ye the weak hands, and make strong the feeble knees.

Say to them that are of a fearful heart, Be strong, fear not. . . .
Then the eyes of the blind shall be opened, and the ears of the deaf unstopped.
Then shall the lame man leap as a gazelle and the tongue of the mute sing. . ..”

This C/R/I Second Report, fol-
lowing the Interim Report (Kafa-
fian, 1968), covers work accom-
plished from August 20, 1968 to
February 19, 1970, under Office
of Education Grant No. OEG2-7-
070533-4237.

The purpose of the total pro-
gram, as set forth briefly in its
title, is to study a variety of
man-machine systems that will en-
hance the capability of severely
handicapped children to commun-
icate and thereby enable them to
receive the benefits of education
and develop intellectually. The
study of this special family of
man-machine systems includes de-
veloping tests to observe and
measure their effectiveness in en-
hancing the communicative capa-
bility of various classes of handi-
capped subjects; studying
man-machine interfaces; develop-
ing and testing instructional ma-
terials, appropriate in teaching the
use of these systems to the handi-
capped; demonstrating the sys-
tems to educators; and disseminat-
ing the information for applica-
tion in school systems.

This and similar programs that
seek to break through the present
barriers to making special educa-
tion effective for our Nation’s
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handicapped children are critically
needed.

“Less than 40 percent of
the nation’s handicapped
children are receiving an ap-
propriate response from our
educational system. Of the
almost six million children
who are mentally retarded,
hard of hearing, deaf, speech
impaired, visually handi-
capped, seriously emotion-
ally disturbed, crippled, or
who have other health im-
pairments which require
special education and related
services only slightly over
two million are now receiving
special education treat-
ment,..."”

—Martin. “Education of
Physically Handicapped
Children.” Report to
President Nixon's Task
Force on the Physically
Handicapped. U.S. Of-
fice of Education in-
ternal document, Nov.,
1969.

~ Even the gifted child may suf-

fer from disturbing factors that
handicap him and require tech-
nigues in special education.

—Isaiah 35: 3—-6
circa 725 B.C.

“Children who are chronic
underachievers, who seem to
perform below their intel-
lectual aptitude year after
year, provide a most frustrat-
ing problem for the teacher.”

—Gallagher. Teaching the

Gifted Child. 1964.*

The need for help in the area of
special education is great. The
help must come from several
quarters, and the capabilities of
modern technology are ready to
be applied to create significantly
important man-machine systems
for relief in the education of the -
handicapped.

During the period of the pres-
ent report, distinct progress was
made in prosecuting the current
phase of the progztam. The ac-
complishments, the principal ac-
tivities, and the plans for the
continuing program are described
in this report in detail.

Continuing work includes group
and individual instructional pro-

*Reprinted from Teaching the Gifted
Child, by James J. Gallagher, copy-
righted 1964, by Allyn and Bacon, Inc.
Permission has been granted by the
copyright ownars to Cybernetics Re-
search Institute, Inc., for use provided
that appropriate copyright notice is
applied thereto.



grams conducted in numerous
schools and field stations. For
example, at the D.T. Watson
Home for Crippled Children in
Leetsdale, Pennsylvania, eight sev-
erely handicapped children have
learned in group instruction to
operate bilateral-input interfaces
matched to their performance
capabilities and have learned the
keying positions for the letters,
symbols, and typewriter functions
in only four weeks of instruction,
four hours per week. The inter-
faces include a pedal keyboard for
foot operation and a keyboard
operated with the fists or heels of
. the hands. Effects of instruction
on subjects’ written communica-
tive performance and on verbal
}and intellectual ability are as-
" sessed. Instructional materials are
being prepared to accompany the
bilateral-input systems in field op-
erations.
The topics covered in the pres-
ent report are listed below.

I. RESEARCH AND TRAIN-
ING PROGRAMS WITLH
MAN-MACHINE SYSTEMS

Special educational programs
were undertaken with handi-
capped children to determine the
overall value of using bilateral-
input interfaces as means for pro-
ducing written communications
for various classes of handicaps.
Results of these studies are set
forth in this report, together with
examples of instructional materi-
als used. These studies were in-
tended primarily to be instruc-
tional or demonstrational
programs; consequently, many of
the projects do not adhere strictly
to principles of experimental de-

sign.
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II. INTERFACES FOR MAN-
MACHINE SYSTEMS

Interfaces for control of sys-
tems operation (input) and display
of information (output), together
with transfer codes, are illustrated
and described.

III. TELEPHONE COMMUNI-
CATIONS FOR THE
HANDICAPPED

Utility of two telephonic sys-
tems for deaf or speech-impaired
children is reported. A preliminary
evaluation was made with “‘Cyber-
phone,” a portable, two-way tele-
phone communications system
employing a 14-key, bilateral-
input keyboard. “Cyber-Tone,” a
second system, was again success-
fully demonstrated, using Touch-
Tone® keys at the transmitting
site and a portable “Cyber-Tone”
decoder which operates type and
braille writers, and word displays
at the receiving sites.

IV. HAIBRL

A detailed report is presented
covering the considerable progress
on HAIBRL, previously described
in C/R/I’s Interim Report (Kafa-
fian, 1968) as a two-dot, puncti-
form tactile system with a refer-
ence bar, for reading and writing,
but expanded now to include
studies of important variants.

V. SENSORY AIDS FOR THE
VISUALLY HANDI-
CAPPED

Specific studies, tests, and rec-
ommendations for improvement
of sensory aids for blind children
were made. Canes, tactile maps,

and measuring tools, among others,
were considered and studied.

VI. COLLATERAL STUDIES

The main program of measuring
effectiveness of man-machine
communicztions sytems for handi-
capped children incorporated
other supporting studies, one of
which concerned the use of pho-
nemes of Eunglish and other im-
portant languages, to explore
more efficient written linguistic
forms. Another supporting study
concerns an abbreviated language
structure and a minimal alphabet.
Still another study deals with the
correlation of visual defects and
speech deficits.

Vil. STUDY OF OTHER COM.-
MUNICATIONS AIDS

During the course of the pres-
ent program, attention was given
to equipment outside the CYBER-
COM family of man-machine com-
munications systems. Particular at-
tention was given to two systems
developed and produced in Eng-
land, one of which was obtained
for expanded study and evalua-
tion.

Concepws, descriptions, and
data from C/R/I's Interim Report
(Kafafian, 1968)—when necessary
for continuity—are repeated in the
C/R/I Second Report, sometimes
verbatim, in order to preclude the
need for frequent reference to the
Interim Report; however, for com-
plete, detailed descriptions of the
overall program, it is essential for
the reader to have access.to the
Interim Report. Repetitions with-
in the present report are inten-
tional so that each section will be
complete in itself.

Cybernetics Research Institute



CONCLUSIONS

AND

RECOMMENDATIONS

The work and accomplishments
of the investigators at C/R/I
during this phase of study have led
to the following conclusions and
recommendations:

A, RESEARCH AND TRAIN-
ING PROGRAMS WITH
MAN-MACHINE COMMUNI-
CATIONS SYSTEMS.

1. Many handicapped children
whose impairments are so severe
that they cannot write effectively
either with a writing instrument
such as a pen or pencil, or with an
electromechanical device such as a
standard typewriter, can use the
remote, bilateral-input interface
for written communicution. There
remain the needs to measure more
objectively the effectiveness, and
to demonstrate more broadly the
educational uses, of the bilateral-
input interface as a communica-
tion tool in a classroom environ-
ment for these handicapped chil-
dren.

2. Studies in this program
strongly indicate that bilateral-
input interfaces for communica-
ting are easily adapted for group
instruction and for instruction
without the actual apparatus.
Fingering on separate, detached
keyboards, or even on phantom
keyboards, permits the children to
practice the lettering code. Hence,
writing can be practiced effec-
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tively by movement of appro-
priate fingers even though a key-
board is not available,

3. Bilateral-input keyboards
provide important flexibility in
matching the configuration of
man-machine interfaces to the
sensory and motor requirements
of handicapped children.

4. Dual-input lettering codes
can be learned easily and used for
communicating. The potentials of
other, more efficient codes for
providing additional gains for
learning and retention are being
studied. For example, other codes
reflect the prominence of popular
letter pairs and sequences, as dis-
closed in the C/R/I Interim Re-
port (Kafdfian, 1968). The
physical ease, speed, and accuracy
of using more efficient codes may
reduce emotional and mental
stress created by the task of com-
municating for certain categories
of severely handicapped children.

5. For persons whose handicap
leaves an unequal lateral capa-
bility, special interfaces and codes
may be used. Unsymmetrical
arrangements of the key groups of
the dual-input system, with a cor-
responding use of other keying
codes to match individuals’ full
capabilities, should be studied.

6. As already noted, com-
municating in writing for multi-
handicapped individuals imposes a
mental, emotional, and physical

hardship. This burden can be alle-
viated not only by use of more
efficient letter-keying codes, but
also by exploiting the inherent
redundancy in English, to produce
an abbreviated language through a
modified or minimal alphabet.
Such language economy may be
beneficial to the multihandi-
capped sighted child just as the
contractions in grade two braille
help the sightless. Another way is
to use a word storage system to
facilitate the production of
written communications.

7. School records available on
the multihandicapped children
used as subjects in the present
studies have been incomplete,
inaccurate, or not directly relevant
for prescribing the kind of inter-
face or the instructional procedure
to be used. Better diagnosis is
needed for more effective research
in enhancing a subject’s ability to
communicate., Research teams
engaged in this kind of work
should include a person with
special qualifications in the
diagnosis of neurological, sensory,
and motor disorders. The gifted
child who is physically handi-
capped, for example, may suffer
from inappropriate diagnosis
which overlooks his intellectual
potential. :

8. Children with specific learn-
ing disabilities who have been ex-
posed to typing with the bilateral-



input interface have shown new
interest in reading and in expres-
sing themselves. This fact suggests
that the exposure has had a bene-
ficial effect on overcoming their
disabilities. It is necessary to
establish a measure of the degree
to which increased interest occurs,
and to identify factors underlying
it. Such factors may include:
e the bilateral keying res-
ponses and the con-

sequent interaction of

both cerebral hemi-

spheres or areas of a

single hemisphere in-

volved in associations re-

quired to direct com-

mand signals to the
bilateral-input interface;

o the process of writing
with a machine that pro-

duces whole letters
digitally with simple,

single strokes rather than

with a continuous
motion (as in cursive
writing);

e or even the presence of
spurious effects on the
subject such as
awakened interest or in-
tellectual stimulation re-
sulting from the special
attention received during
the instructional
program,

9. It is desirable to classify
characteristics of the handi-
capped in terms of the levels of
afferent and efferent capabilities
remaining. In such a classification
it would be possible and con-
venient to identify individuals
with those handicaps for which
certain configurations of equip-
ment provide a necessary or im-
proved medium for com-
munication. This classification

ERIC
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also will permit a better measure
of the nature and degree of handi-
cap, making it possible to achieve
better experimental control of this
variable.

10. Valid and reliable results
can be obtained from the research
programs involving handicapped
(as well as gifted) children only if
special standardization and con-
trol procedures are adopted. These
special procedures involve the fol-
lowing, as stated in par! in the
above conclusions:

® (lassifying handi-
capping characteristics
in terms of kinds and
levels of sensory,
motor, and cognitive
capabilities remaining.
e Defining those classes
of handicapped indi-

viduals whose dis-
sollities preclude or
greatly impede per-

formance with nor-
mally available writing
tools.

¢ Structuring test
programs with proper
controls to isolate the
parameter being tested
whilc maintaining com-
parable conditions on
other variables.

® Selecting test sviiects
appropriate for the ob-
jectives of each test
program.

e Employing instruc-
tional techniques and
materials that are
equated as closely as
possible so that com-
paravle results can be
obtained in comparison

programs involving
several different writing
systems.

e Measuring, quanti-
tatively and objec-
tively, significant per-
formance characteris-
tics of subjects (e.g.,
communicative ability;
psychomotor response;
motivation; academic
achievement before,
during, and following
the experimental pro-
gram).

B. MAN-MACHINE SYSTEM
INTERFACES

1. The several basic physical
configurations of the two-bank,
bilateral-input interface used in
the program have enabled a
variety of handicapped individuals
to adapt to the interface and
communicate. Other configura-
tions are needed in order to match
interfaces with the performance
characteristics of individuals with
a variety of handicaps.

2. A single-bank, dual-input
interface, although it does not
lend itself to being split into two
physically separated groups of
keys, nevertheless offers some
other advantages as described in
C/R/I’s Interim Report (Kafafian,
1968). New advantages and con-
straints are yet to be determined.
Experiments with a closer group-
ing of the keys for one-handed
operation must be considered.

3. Research programs are pre-
sently evalwating foot- and fist-
operated keyboards for individuals
with very poor muscular coordina-
tion in hands and arms. These
keyboards consist of large keys,
spaced far apart, arranged in two
groups of seven keys as with the
finger-operated interface. These
large keys are operated with the
feet or the fists, and initial testing
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has provided encouraging results
with diplegic children having little
or no arm-hand coordination.

C. TELEPHONIC COMMUNI-
CATIONS FOR THE
HANDICAPPED

1. “Cyberphone,” which per-
mits typewritten and/or alpha-
numeric display outputs at a re-
mote point operates successfully
with regular telephone circuits,
both by direct keying on its own
interface and by use of prere-
corded cassettes. Tests have been
successful also over long distance
telephone lines and transoceanic
and land radio circuits.

2. The use of prerecorded cas-
settes with these systems permits
deaf persons to obtain stored
information via the telephone
from central educational sources,
in either visual, audio, or typed
form. Tactile output is available
for the deaf-blind.

3. Continued experimentation
is required fo establish procedures
for use of these systeins by handi-
capped children in classroom
situations.

4. Other configurations pro-
viding telephonic communications
for the handicapped have been
explored and found promising, in
particular, “Cyber-Tone,” which
uses the standard Touch-Tone®
telephone unit as the transmitter

and a simple portable decoder for
print and/or braille output.

D. HAIBRL

I. HAIBRL punctiform writ-
ing promises a new dimension in
communication for the blind who
cannot effectively use braille, by
offering:

o 2 readable punctiform
system using no more
than two dots;

o characters that are easy
to recognize because of
the fewer dots used;

e unequivocal characters;

e a large number of dif-
ferent characters.

Research is necessary to measure
the effectiveness and the value of
HAIBRL in each of these areas.

2. The HAIBRL cell is larger
in size than the standard braille
cell. However, assigning more
efficient symbols and thereby re-
ducing the number of characiers
required in written copy partly
compensates for the size differ-
ence. Also, the larger cell yields a
large number of one and two-dot
configurations not exceeding the
three-dot height of a standard
braille cell.

3. Research is presently being
conducted to determine the most
equitable assignment of letters,
contractions, symbols, words, etc.,
to the large number of easily read,
unambiguous configurations.

4. The large number of dif-
ferent dot configurations available
in HAIBRL allows for the inclu-
sion of phonetics in the character
code. Combining HAIBRL charac-
ters in which phonemes have been
substituted for letters, with a
system of contractions as in grade
two braille, offers a writing system
that transforms more directly
from graphemes to spoken words.
In addition, phoneme characters
will enable the writing of foreign
languages without changing the
basic code.

E. SENSORY AIDS FOR THE
VISUALLY HANDI-
CAPPED

The cybernetic multidiscipli-
nary and interdisciplinary ap-

~proach to developing educational

aids for multihandicapped individ-
uals provides researchers with new
means for enabling the blind to
communicate and become inde-
pendently ambulatory.

F. GENERAL.

The ‘‘Possum” equipment
offers a reliable and effective com-
munications system for the multi-
handicapped. Paralytic individuals,
especially where they have mini-
mal control over their muscular
system, have demonstrated its use-
fulness and values.

“Cybernetics, the science of control of man and automata, has taught
us the concepts of feedback and purposeful behavior control systems.
Using these principles, handicapped persons can be taught to communi-
cate via human-engineered interfaces.”

Q
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FUTURE PLANS

Based on conclusions and re-
commendations drawn from work
accomplished under the present
study and reported herein, the
following outlines future plans
and programs at C/R/I:

. RESEARCH AND TRAIN-
ING PROGRAMS WITH
MAN-MACHINE SYSTEMS

The program in research and
training with man-machine sys-
tems will proceed in these three
areas:

A. INTEGRATE CYBERCOM
SYSTEMS INTO THE
CLASSROOM ENVIRON-
MENT AND COMPARE
WITH OTHER WRITING
SYSTEMS.

PURPOSE:

To determine the feasibility of
integrating CYBERCOM systems
with specific instructional mate-
rials into classroom environments
for children whose physical dis-
orders preclude or greatly impede
their ability to write or to use a
standard typewriter keyboard. In
addition, assessment will be made

ERIC
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AND
PROGRAMS

of the effects of instructional ex-
perience with these systems on
verbal, intellectual, and motor
abilities, as measured by a battery
of tests. Another experimental
program will compare the
CYBERCOM system, a standard
electrical typewriter, and a form
of hand-lettering in terms of train-
ing time, writing speed and errors,
and memory for use of the sys-
tems, Subjects will include chil-
dren handicapped by a variety of
motor and sensory disorders or by
specific learning disabilities.
Results of these experiments
will contribute to the develop-
ment of a package of instructions
and materials that will accompany
these kinds of systems for teachers
and other researchers in the field.
This material will be used for
training new populations of handi-
capped children to communicate.

METHOD:

Prior work has been to obtain
data that largely are descriptive,
principally to ascertain and dem-
onstrate the feasibility of a partic-
ular kind of man-machine system
in enhancing the educational capa-
bility of multihandicapped chii-
dren,

Future work in educational re-
search will validate and demon-
strate various types of man-
machine systems and obtain a
measure of their effectiveness
when used with seriously handi-
capped children. It is critical,
therefore, in these research pro-
grams designed to aid the handi-
capped, to gather extensive and
precise data. The data are to be
gathered from the field, using sub-
jects appropriate in number and
kind, and working with personnel
on the staffs of several cooperat-
ing institutions and organizations.
Essentially, three distinct Field
Test Studies are planned:

1. Fieid Test I will be a care-
fully controlled experi-
mental comparison of the
bilateral-input interface and
standard typewriter inter-
faces in terms of training
time, typing speed and er-
rors, and retention of typ-
ing codes, using as subjects
children handicapped by
different motor and sen-
sory-mo tor disabilities. For
proper confrol, this experi-
ment will include a group of
children having prior in-
struction in cursive writing
only and will employ proce-
dures standardized across
treatment groups. The pur-
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pose of this phase of the
study is to determine the
relative rates of learning the
three writing systems and
the educational benefits to
be derived from their re-
spective programs of in-
struction. A further purpose
is to measure the educa-
tional value of learning to
produce writing with a
dual-input interface in those
cases involving children who
are so severely handicapped
that they have no other
means for written
communication.

2. Field Test Study II will
determine the feasibility of
integrating man-machine
systems with specific in-
structional materials into
classroom situations for
children whose physical dis-
orders preclude or greatly
impair ability to write or to
use standard typewriter
keyboards. This study may
reveal whether a handi-
capped child’s classroom
performance is enhanced by
providing him the means

with which to express ideas
and thus help develop intel-

lectual potential.

3. Field Test Study III will be
designed to measure the de-
grees to which children with
specific learning disabilities
would be directly benefited
by learning to write via du-
al-input interfaces, thus nec-
essarily exercising bilateral
responses.

The specific and various defects
and deficits of the handicapped
child call for exploiting the *“best™
and “most effective” techniques
in teaching him to communicate.

) Q
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Included in the techniques that
C/R/I will use are specifically pre-
pared motion picture films and
35mm slide presentations geared
to specific classes of the handi-
capped. Each presentation will be
devoted to instruction in the total
use of various, bilateral-input in-
terfaces for each significant class
of handicap.

Special film techniques have
been developed by Withrow
(1969) and their effectiveness
tested and validated in programs
at the Illinois School for the Deaf,
Jacksonville, Illinois, and the Pilot
Institute for the Deaf, Dallas,
Texas. For example, a deaf child
or one with severe auditory loss,
would benefit from a visual pres-
entation on film giving both pic-
torial instruction and verbal in-
struction through written
captions. In addition to teaching
the operation of the dual interface,
such films can develop vocabulary
and language concepts and aug-
ment the academic program in the

classroom.
Frequently the handicappad

child suffers from diminished sen-
sory capabilities. Hence, he all the
more needs an enhanced learning
environment. C/R/I, as indicated
in the detailed reports on the
several studies, seeks to provide
such an enhanced learning envir-
onment to augment the effective-
ness of instruction with man-
machines. Features of an environ-
ment favorable for learning are
numerous and constantly emerg-
ing. Especially effective may be the
techniques of a family of projec-
tion systems (Ray, 1968) in which
all or a major part of the area of a
room, of whatever shape, serves as
the projection surface, creating a
strongly influential environment.

B. STUDY THE IDENTIFICA-
TION AND CLASSIFICA-
TION OF SENSORY AND
MOTOR DEGREES OF
FREEDOM OR CAPABILI-
TIES REMAINING

PURPOSE

To initiate the preparation of
reference classifications of sens-
ory-motor disorders in terms of
remaining afferent and efferent
capabilities. This classification will
be used to identify effective con-
figurations of man-machine com-
munications systems for each cate-
gory of disabilities. The various
systems will be interrelated as
much as possible to reduce the
number of systems required and
to allow consistency of instruc-
tiona! techniques and materials
across groups of subjects.

METHOD

A master classification table is
to be constructed. In a two-dimen-
sional array it will list afferent
degrees of freedom remaining ver-
sus efferent degrees of freedom
remaining. Afferent degrees of
freedom will list remaining capa-
bilities; e.g., visual, auditory,
tactile, kinesthetic, and oth¢r sen-
sory modes. Efferent degrees of
freedom will list remaining capa-
bilities in controlling the digits,
hands, arms, legs, mouth, and
other parts of the body. Cate-
gories may be divided into two or
more levels of capability.

This *“stratification” table can
be constructed so that it eventu-
ally may be viewed as a map of
the remaining total capability of
an individual. Hence, the proper-
ties or characteristics of handi-



capped individuals can be mapped
against the array and both qualita-
tive and quantitative stratification
will be possible.

Distribution of the population
arid the interzelationship of handi-
caps suggested by this mapping
may be valuable for better under-
standing of specific handicaps and
especially how they may be educa-
tionally treated. The population
of the classification will be com-
prised of subjects previously par-
ticipating in the program and sub-
jects who are to participate in
future programs. Results from test
programs with this population,
using man-machine communica-
tions systems, will be correlated to
the classification tables and/or
charts. Learning and performance
curves will be developed as a
function of the characteristics of
the handicapped.

Man-machine system block di-
agram. will be made to assist in
the analysis. Through study of the
several elements comprising these
systems, it should be possible to
analyze the contribution, both en-
abling and impeding, of afferent
and efferent capabilities of the
* subjects to the learning and com-
munication process.

C. ANALYZE CODING AND
PROGRAMMING OF CY-
BERCOM SYSTEMS

PURPOSE:

The purpose is to determine
means of enhancing the communi-
cative capabilities of multihandi-
capped children by analyzing cod-
ing in terms both of interface
keying configurations and abbievi-
ations in the language.

METHOD:

Letter-keying codes will be ex-
plored to identify some of those
codes which facilitate learning, re-
tention, and keyboard operation.
Coding then will be reexamined,
taking into account other factors,
such as frequency of occurrence
of letter pairs or sequences, pre-
vailing efferent degrees of freedom
remaining for various categories of
handicaps, special learming prob-
lems, and ease of memorization
and retention.

Data will be obtained from a
computer analysis of hand and
finger movements necessary to
produce representative written
material, and from a photographic
analysis of the operation of ex-
perimentally coded interfaces. Al-
so, time and motion studies will
be made with appropriate subjects
to determine the relative ease of
using various experimental inter-
faces.

Studies will be conducted to
take advantage of possible lan-
guage economies to reduce the
burden which handicapped per-
sons experience in communicating
(conventional English has high re-
dundancy in its informational con-
tent). Numerous researchers have
made extensive measurements to
establish quantitative values of the
redundancy in conventional Eng-
lish found to be present in the
language both morphologically
and orthographically. It is the
nature of conventional English
that the informational content
permits anticipating with high
probability of accuracy what the
next word, morpheme, or letter
(grapheme) will be in a normal
sequence. Thus, not all words,

morphemes, or graphemes contain
meaningful information, but are in
the norma! language as part of its
natural adornment. This work will
be supported with an appropriate
literature search.

In the area of communication
for handicapped children, where
effecting written communication
presents a severe physical burden,
it may be possible to take advan-
tage of this redundancy in normal
English, thereby reducing the
physical burden that unabridged
writing imposes on severely handi-
capped children, and thus reduc-
ing mental and emotional stress
and facilitating intellectual devel-
opment.

1I. MAN-MACHINE SYSTEM
INTERFACES

PURPOSE:

To study physical configura-
tions of interfaces for the most
favorable matching to the several
classes of handicapped individuals
and to provide sensory feedback
in one or more modes to help the
handicapped in communicating.

METHOD:

This program is principally an
effort to establish an extensive
family of interfaces configured to
fil the special needs c¢f many
classes of handicapped individuals.
Using human factors engineering
and physiological data on individ-
uals involved, numerous styles of
interfaces will be tested with sub-
jects, observing and measuring the
degree of match between the
interface and the efferent capa-
bility remaining. Factors in pro-
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ducing a matching design involve
the following: shape, stiffness of
action, amount of travel, spacing,
coding, size, atc., of keys and/or
controls; use of ortheses, pros-
theses, other parts of the body,
other than digits or hands; use of
the breath; exploration of aux-
iliary, restraining devices, e.g.,
magnetic clamps, key fences,
guards, etc., to improve control of
the interfaces by handicapped
operators.

III. TELEPHONIC COMMUNI-
CATIONS FOR THE HAND-
ICAPPED

PURPOSE.

To continue the study of effec-
tive and portable means for tele-
phonic communications for the
deaf, deaf-blind, and for those
individuals with severe speech im-
pairment, which would enable
them to augment their education.

METHOD

Operational procedures with
“Cyberphone” and “Cyber-Tone”
will be established through tests
prepared and conducted at first by
staff personnel, followed by tests
by handicapped subjects. Data will
be gathered on the ease and con-
venience of use; speed and accu-
racy; reliability; dependability;
and, most importantly, the educa-
tional value of these communica-
tions systems.

“‘Cyberphone” tests will involve
simulated conditions wherein sub-
jects who are deaf or deaf- -lind or
who have severe speech impair-
ments will employ the system for
communication from remote tele-
phones to a central CYBERCOM

)
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station equipped with type and/or
braille printers. Prerecorded tape
cassettes containing appropriate
responses to inquiries will be used
in these simulated exercises.

Other systems also will be eval-
uated under simulated conditions,
using appropriate subjects in an
educational environment.

IV. HAIBRL
PURPOSE

To develop and design a puncti-
form tactile system that will en-
hance the capability of multi-
impaired blind individuals who
have not been successful in learning
braille; that will serve those with
marginal vision or others who may
want a tactual augmentation in
communicating; and that will lend
itself to more extended educa-
tional use in such fields as scientif-
ic and technical work, music, and
foreign languages, through its rich-
ness in unequivocal patterns and
adaptability to international phon-
emes.

METHOD

This phase of the program has
two principal parts. One is to
continue the design, development,
study, test, and evaluation of the
current HAIBRL cell and appro-
priate writing slates and styli hav-
ing a pattern of 16-dot positions
and a reference bar. Another
phase is to conduct parallel studies
with modified characters of braille
and other punctographic systems.

A preliminary assignment of
HAIBRL characters will be made
to denote letters of the alphabet,
phonemes, abbreviations and con-

tractions comparable to grade two
braille, signs, punctuation, new
contractions, special terms, etc.
The emergent punctiform langu-
age will be subjected to rigorous
tests and evaluation, using blind
and sighted subjects, with and
without prior tactile reading ex-
perience.’

V. OTHER PROGRAMS

PURPOSE

1. To study innovative sen-
sory aids for deaf-blind in-
dividuals.

2. To evaluate the effective-
ness of a variety of commer-
ciatly available man-
machine ~ systems for the
handicapped and to deter-
mine their position in the
family of all such aids for
the handicapped.

3. To carry on dissemination
activity to acquaint other
researchers in the present
field with the work of
C/R/1 and to obtain related
information on work beitig
conducted elsewhere.

METHOD

Other parts of the total pio-
gram provide a variety of aids for
the visually handicapped. These
aids arise in the HAIBRL prograiii
and in the various parts of the
CYBERCOM system as a cot-
comitant part of the develcpment.
This program element seeks to
study innovative sensory aids spe-
cifically for the visually handi-
capped whick would not arise
elsewhere in this or other pio-
grams.
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Categories of sensory aids to be
studied are those pertaining to
ambulating (obstacle avoidance);
navigating (maintaining true direc-
tion or following a desired route);
recognizing the character of ob-
jects (space sense); and signalling
(calling attention to the deaf-
blind).

Ambulating aids concern canes,
sonic and radio sensors, gently
acting physical devices to warn of
obstacles. Navigating aids concern
radio direction sensors and built-in
cooperating guidance devices. Rec-
ognizing the character of objects
concerns measuring tools, maps,
and charts. Signalling devices con-
cern acoustic generators, overhead
fans, overhanging mobile ribbons

and strings that can be activated,
vibrators, and olfactory indicators.

The approach to be followed is
to study the feasibility and various
aspects of the several aforemen-
tioned categories in which the
multihandicapped child is con-
strained and suffers a particular
inconvenience in his overall at-
tempt to communicate. Visually
handicapped children may have
reached a reasonably balanced sit-
vation between their various activ-
ities concerned in communicating
with their environment; however,
when one phase of their activity is
suddenly enhanced, as it may be
through other aspects of the pre-
sent program, other phases may
fall out of balunce or degenerate,

thereby requiring enrichment to
permit full utility of the new
potential benefits. Hence, this
phase, of the program element
seeks to r+ovide collateral support
of the main thrust of the program.

Innovative man-machine com-
munications equipment developed
elsewhere will be studied in the
light of th. educational needs of
handicapped children.

Dissemination activity and in-
terchange with others engaged in
the education of handicapped chil-
dren is critically important and
will be undertaken by C/R/P’s
professional, management, and re-
search staff in order to maintain a
significant level of dissemination.

“When researchers achieve a better undesstanding of the individual’s
stratification of sensory and motor capabilities, and how these capabilities
change with, among others, training, growth, and environmental modifica-
tions, educators will be in a better position to aid the learning-disabled
and/or physically handicapped student with interfaces that match the
automata to the characteristics of the human operator.”

Cybernetirs Research Institute




Part One

Six research and training pro-
grams were conducted to study
the effectiveness of bilateral-input
systems in providing multihandi-
capped children with a capability
of communicating through writ-
ing. These programs were intended
to be preliminary and exploratory
for the purpose of developing
teaching techniques and materials,
and generating hypotheses for
future experimental validation. In-
itial results have been most re-
warding and have reinforced the
investigators’ conviction that bilat-
eral-input systems provide a chan-
nel of graphic communication for
handicapped children who have no
other means of writing. Experi-
ments developing from these ex-
ploratory studies are being initi-
ated and are described in the
“Future Plans and Programs” sec-
tion of this report.

The six exploratory studies are
summarized below, with more de-
tailed descriptions of each pro-
gram provided in Volume II of
this report (Appendix A).

1. COMPARISON STUDY

This exploratory study was per-
formed to compare typing speed

Q
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METHODS

and errors for the 14-key bilater-
al-input system and the 49-key
interface of a standard electric
typewriter. Subjects consisted of
24 physically handicapped chil-
dren and 32 nonhandicapped chil-
dren, ages 6 to 12. The 24 handi-
capped subjects were divided into
two equal groups roughly matched
according to physical disabilities,
age, sex, reading level, visual and
auditory impairments, and IQ’s
from school records. One group
(Group A) was given instruction
with the bilateral-input system,
while the other group (Group B)
received instructions with the
49-key standard electric type-
writer. The 32 nonhandicapped
children were divided similarly in-
to two groups, Group C receiving
instructions with the bilateral-
input system and Group D with
the standard electric typewriter.

Subjects in Groups A and C
(those using the bilateral-input in-
terface) were taught the letter-
keying code using associative
principles based on the Cyber-
Circus Story , developed by An-
na Mae Gallagher (Kafafian,
1968). Subjects in Groups B and
D (those using the standard elec-

OVERVIEW OF RESEARCH

AND TRAINING PROGRAMS
WITH
MAN-MACHINE SYSTEMS

tric typewriter) were instructed
using the “Keyboard Town Story”
(Gallagher, 1965). None of the
keyboard interfaces provided let-
ters or other coding on key tops.

During the training sessions, the
instructors administered timed
3-minute tests consisting of words
and phrases to be produced. At
the end of training, one final test
was given to Groups A and B,
while C and D received a different
final test. Tests were scored for
number of characters and func.
tions (e.g., space, carriage return)
produced in three mniinutes, and
errors as a percentage of the num-
ber of characters and functions
produced. Median test scores for
handicapped subjects, both for the
training tests (averaged) and for
the final test are shown in Table 1.

Examination of Table 1 reveals
that performance for the two
groups did not differ greatly. On
the training tests, Group A sub-
jects, using the 14-key interface,
produced on the average slightly
fewer characters but with a small-
er error percentage than did
Group B subjects using the stand-
ard electric typewriter. On the
final test, however, subjects using

13



TABLE 1

MEDIAN NUMBER OF CHARACTERS/FUNCTIONS
AND PERCENT ERRORS PRODUCED BY HANDICAPPED
SUBJECTS USING BILATERAL-INPUT AND 49-KEY INTERFACES

Training Tests .
(Averaged Scores) Eina Test
Median No.  Median Errors | Median No.  Median Errors
Characters (Percent) Characters {Percent)
Group A
(14-Key) 44.0 6.3 47.0 6.0
(N=12)
Group B
(49-Key) 51.4 11.0 40.0 14.0
(N=12)
TABLE 11

MEDIAN NUMBER OF CHARACTERS/FUNCTIONS
AND PERCENT ERRORS PRODUCED BY NONHANDICAPPED
SUBJECTS USIENG BILATERAL-INPUT AND 49-KEY INTERFACES

Training Tests Final Test
(Averaged Scores) B
Median No.  Median Errors | Median No.  Median Errors
Characters (Percent) Characters (Percent)
Group C
(14-Key) 64.3 6.0 62.0 7.0
(N=16)
Group D
(49-Key) 65.3 6.7 67.0 10.0
(N=16)

the bilateral-input system pro-
duced - more characters with a
smaller error percentage than did
standard typewriter subjects.
These data suggest a post-training
facilitative effect of the bilateral-
input system for handicapped chil-
dren.

Data for nonhandicapped sub-
jects are presented in Table IL It
can be seen that there are only
negiigible differences between

Group C (bilateral-input system)
and Group D (standard type-
writer) 'in terms of number of
characters prcduced and error per-
centages.

These preliminary results sug-
gest that, for nonhandicapped per-
sons, the bilateral-input system is
no more difficult to use than the
standard 49-key typewriter. This
finding provides some assurance
that a handicapped child using the

bilateral-input system is operating
an interface which is not intrinsi-
cally more difficult to control
than a standard typewriter key-
board. This assurance, combined
with the adaptability of the bilat-
eral-input interface to match the
handicapped operator’s limited
performance capabilities, rein-
forces the value of the system for
severely disabled individuals.
Unique contributions of the bi-
lateral-input system lie not only in
its small number of keys and a
major reduction in the area of the
keyboard, but in its interface flex-
ibility which permits modification
to match the performance capabil-
ities of the handicapped operator.
This adaptability is demonstrated
by some of the modifications of
the basic bilateral-input system,
described later in this report, such
as, the control-stick interface, the
foot-operated pedal interface, and
the single-bank interface. Thus, a
person whose physical disability
might preclude or greatly impede
his operation of a standard type-
writer would be able to communi-

cate more successfully with a bi-
lateral-input system matched to

his remaining sensory-motor capa-
bilities.

2. DIAGNOSTIC EXPLORA-
TORY STUDY

The purpose of this study was
to explore teaching procedures
which would prepare children to
use the bilateral-input system for
production of written exercises in
a classroom environment.

The subjects were eight chil-
dren, ranging in age from 6 to 13,
with a variety of physical disabili-
ties resulting from cerebral palsy,
encephalitis, arthrogryposis, polio,

Cybernetics Research Institute



or muscular dystrophy. Subjects
were provided with interfaces to
match their performance charac-
teristics and each child was given
between fourteen and twenty-one
%-hour instructional sessions with
the bilateral-input system over a
three-month period. Teaching pro-
cedures and materials included use
of the *“‘Cyber-Circus Story,” de-
veloped by Anna Mae Gallagher
(Kafafian, 1968), vocabulary exer-
cises with the Dolch Basic Word
List (Garrard Publishing Co.,
1960), sandpaper letters for tac-
tual feedback reinforcement of
letter recognition, creative writing,
and classroom exercises.

By the end of this instructional
program, the subjects had received
sufficient training with the bilater-
al-input system to type two to five
words per minute in copying from
printed text, and to produce cre-
ative writing and classroom exer-
cises. Exploratory attempts to in-
tegrate the bilateral-input system
into the classroom suggested that
children can use the system suc-
cessfully for production of written
responses under these conditions.
However, further research is neces-
sary to establish more precisely
rates of acquisition of the letter-
keying code, effects of instruc-
tional experience with bilateral-
input systems on verbal and
intellectual ability, and academic
achievement through use of the
systems in the classroom.

3. FOLLOW-UP STUDIES.

These studies were undertaken
to provide intensive instruction
with the bilateral-input system for
handicapped childien who pre-
viously had received instruction in
earlier programs. The objective

Q
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was to extend training experience
for these children to develop a
level of independence and compe-
tence in the use of the system
which would allow production of
creative writing and classroom ex-
ercises.

Nine subjects were involved in
this study. Children were given
individual and (occasionally) small
group instruction in 30-minute
sessions, several days a week, over
a period of 1 to 3 montns. Teach-
ing procedures and materials in-
cluded those used in the “Diagnos-
tic Exploratory Study,” with em-
phasis on the production of
creative writing. Additional teach-
ing techniques included visual
feedback of letters and symbols
from an alphanumeric lamp dis-
play and cooperation between two
or more children working together
on individual interfaces.

At the start of this program, all
subjects showed good retention of
the letter-keying code learned dur-
ing previous instruction, in spite
of a lapse of at least 4 months.
Performance with the bilateral-
input system showed continuous
improvement during the study, as
revealed by timed 3-minute tests
administered periodically, which
consisted of phrases and sentences
for subjects to copy. Toward the
end of the instructional program,
subjects were typing a median
number of 35 letters, symbols,
and functions, with a median of
five errors, on tests requiring
knowledge of 24 different letters,
symbols and functions. This was
more than twice the number of
characters/functions produced by
the same subjects on comparable
tests during earlier studies.

Subject performance showed
improvement not only in terms of

typing speed and errors, but also
in the production of creative stor-
ies and classroom-style exercises.
Academic improvement resulting
from operation of the bilateral-
input system in a classroom envir-
onment remains to be assessed in
future research.

4. LEARNING DISABILI-
TIES STUDY

One of our nation’s most seri-
ous problems in the field of educa-
tion is the teaching and training of
children with learning disabilities.
According to the House Commit-
tee on Education and Labor, ap-
proximately 500,000to 1,500,000
children, or 1 to 3 percent of our
school population, suffer from
specific learning disabilities severe
enough to require remedial educa-
tional programs. Between 10 and
15 percent of 53,000,000 school-
age children in the United States
have language and reading disabili-
ties (Education and Labor Com-
mittee, 1969).

The term “specific learning dis-
abilities” in this study is used in
accordance with the National Ad-
visory Committee on Handicapped
Children:

“Children with learning disa-
bilities means those children
who have a disorder in one or
more of the basic psychologi-
cal processes involved in
understanding or using lan-
guage, spoken or written,
which may manifest itself in
imperfect ability to listen,
think, speak, read, write,
spell or do mathematical cal-
culations. Such disarders in-
clude such conditions as per-
ceptual handicaps, brain
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injury, minimal brain dys-
function, dyslexia, and
developmental aphasia. Such
term does not include chil-
dren who have learning prob-
lems which are primarily the
result of visual, hearing, or
motor handicaps, of mental
retardatior., of emotional dis-
turbance, or of environ-
mental disadvantages.”
—National Advisory Com-
mittee on Handi-
capped Children,
House Commiittee on
Education and Labor:
“Children with Learn-
ing Disabilities — Act
of 1969.”

Children with learning disorders
often demonstrate poor motor co-
ordination caused by underlying
physiological or central nervous
system deficiencies. According to
Ferniald (1943), when poor motor
coordination or other factors in-
terfere with the acquisition of
cursive writing skills, the develop-
ment of reading ability may bhe
impeded. However, this reading
impediment might be partly over-
come by providing the handi-
capped child with a simpler meth-
od of writing than cursive hand-
writing. Campbell (1968), in a
study of reading acquisition by
children with severe learning dis-
orders and motor disabilities, em-
ployed an electric typewriter to
simplify the task of writing. She
found that children using a type-
writer to produce written exer-
cises showed significantly greater
improvement in vocabulary than
did a comparable group of chil-
dren using cursive handwriting.

Since the bilateral-input typing
interface may be adapted to uti-
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lize the limited motor capabilities
of a handicapped child, many such
youngsters will find this system
easier to operate than an electric
typewriter. Accordingly, children
with motor disorders should dem-
onstrate improvement in reading
skill as a result of writing ex-
perience with the bilateral-input
system.

The purpose of this pilot study
was to observe the performance of
children with learning disabilities
and motor disorders when learning
to use the bilateral-input system
for the production of written
communications. It is expected
that these observations will lead to
experimentation on the use of
bilateral-input communications
systems by children with specific
learning disabilities.

This observational study in-
volved eight children, ages 6 to 14,
who showed evidence of learning
disabilities with accompanying
motor disorders. Learning disabili-
ties were reflected by the fact that
almost all subjects showed test
performance below their school
grade level in basic academic skills.

Children were provided with
14-key interfaces connected to an
electric typewriter, and were given
instruction in learning the letter-
keying code and in communicat-
ing through use of the system.
Teaching procedures and materials
were similar to those used in the
studies described above.

Questionnaires were distributed
to the children’s parents toward
the end of the instructional pro-
gram. Answers to the question-
naire revealed observations of gen-
eral improvement in children’s
finger dexterity, speech, posture,
and confidence. The instructor’s
observations of subjects’ verbal

performance suggest that improve-
ments in reading and writing abil-
ity might be expected to develop
from an intensive program of in-
struction with the bilateral-input
communication system. This
system will be particularly advan-
tageous for those children with
learning disabilities whose motor
handicaps impede operation of a
standard electric typewriter but
allow use of some version of the
bilateral-input interface.

Further research is required to
classify children with specific
learning disabilities in terms of
remaining sensory and motor cap-
abilities, and to assess objectively
any improvement in communica-
tive ability resulting from the use
of bilateral-input systems human-
engineered to match the in-
dividual’s requirements.

5. GROUP INSTRUCTIONAL
PROCEDURES

The purpose of this portion of
the program was to conduct an
exploratory educational study
concerned with teaching a group
of children to communicate using
bilateral-input keyboarls. Empha-
sis was placed on developing group
instructional materials and apply-
ing appropriate teaching tech-
niques to accelerate the learning
process, improve verbal compre-
hension and expression, and de-
velop manual skills. It was hoped
that the program would enable
students who were underachievers,
due to reading or learning handi-
caps, and students who were not
handicapped, to communicate
better verbally.

The complete report from the
project coordinator describing this
study is provided in Volume II of

Cybernetics Research Institute



this report (Appendix F), but is
reviewed briefly here in the con-
text of other C/R/I education
research projects.

Eleven children participated in
the teaching sessions, including
five children with physical handi-
caps or learning disorders, and six
nonhandicapped children. Sub-
jects were introduced to the
bilateral-input system through the
use of visual aids including a large
chart showing finger positions for
each letter, symbol, and function.
With only one typewriter and two
14-key interfaces in the classroom,
subjects took turns using the
machine, while the rest of the
group practiced with other in-
structional aids. Projects and
games designed to enhance learn-
ing of the fingering code were
created and used effectively. Tape
recorded instructions also were
prepared for use in the training
sessions. Subjects were given a
total of eight sessions of ' to 1|
hour duration each. The teachers
created a high level of enthusiasm
by relating the exercises to each
subjec*’s reading level and per-
sonal experience, by explaining
the development of words and
sentences and the importance of
written communications in every-
day life, and by developing
mnemonic stories and games

which the children found fasci-
nating.

The teachers observed each
child’s performance during the
teaching sessions and recorded
notes on motivation, attitudes,
and progress. The following obser-
vations were made:

1. The bilaterally operated
14-key code can be taught
successfully to a group of
subjects in relatively few
training sessions, using only
one machine with two key-
boards when appropriate
group instructional proce-
dures are employed.

2. The bilateral-input interface
can be used by individuals
having motor disabilities
which cause poor coordina-
tion or dexterity and which
would impede performance
on a 49-key typewriter.

3. Acquisition of the function,
symbol, and letter code pro-
vides an intense experience
with individual letters and
the formation of words and
sentences, and enhances the
development of skill in writ-
ten communications for
persons with or without
learning and/or motor dis-
orders.

The group teaching techniques,

games, and aids developed for this

study will be refined and extended
for application to future programs
involving groups of children. De-
scriptions of these techniques and
games are found in Volume I,
Appendix F.

6. SPECIAL PROJECTS AND
CASE STUDIES.

A number of handicapped per-
sons were given individual atten-
tion at C/R/I to study bilateral-
input interface configurations
which would utilize their best
remaining motor capabilities, and
to provide preliminary testing of
research equipment and materials.
These subjects included two deaf-
mute women, trained to use the
14-key bilateral-input interface for
testing “Cyberphone,” a paralyzed
girl testing the operation of a
tongue-activated mouth switch for
operating a “Cybertype” system,
and several multihandicapped chil-
dren given instruction in com-
municating through writing with
bilateral-input interfaces designed
to utilize their remaining motor
capabilities. Most of these subjects
have shown gratifying progress in
their ability to communicate using
“Cybertype” systems and have
contributed to the improvement
of C/R/l research and instruc-
tional programs.

consider.”

“The task of equating the ‘transfer function’ of the human controller
into operative systems which incorporate these characteristics in surrogate
biological mechanisms presents new challenges to researchers. At the
present time there are few algorithms to follow, although gaming theory
has introduced exciting approaches for the engineer and designer to

a:eond Report, Volume I, 1970
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Part Tow | INTERFACES
FOR CYBERCOM
MAN-MACHINE SYSTEMS

I. MAN-MACHINE SYSTEM
FAMILY

The major elements of the

. INPUTS OUTPUT
CYBERCOM family of man- (INTERFACES) DEVICES QUTPUTS
machine communications systems E> MoDIFIED }__ PRINTOUT
for the handicapped are repre- =T ?TVPEW"'TER
sented in the accompanying sys- If/_‘ﬁ;_) visuaL
. N .
tem block diagram (figures ! and CONVERTER @
2). *“Cyberphone” and “Cyber- Esrmmo
. . BANK . UNC TOGRAPH]
Tone,” totally compatible with (am:;;fm---@
1:htel ss.'stle)m, ;1:: described sepa- . _)Ico}vwgg;on -
rately in Part ee. AUDITORY
—> L = — — AUDITORY,
The inputs to the system are ARk e [ /

£

the man-machine interfaces, the TACTILE
“Cyberphone” and the “Cyber- )| converten [~/ TACTILE
Tone.” A transfer code translates
the jual input from the keys of EXPERI~ = s, Fe-d PUncheo
the input interfaces through the Coves
system logic circuitry to drive or
signal the characters and control Figure 1. CYBERCOM Family of Man-Machine Communications Systems
functions of the output devices.
The total system is intercon-
nected with appropriate junction
boxes, connectors, cables, and,

where required, code reversers and TELEPHONE |
s PHONE LINE CYBERPHONE
converters. The code reverser is BERPHONE > CTBERTHON J"‘?F> (RECENE) | @
D

B
t]

used with left-hand dominant in R S|
wi - -

dividuals, for the purpose of trans- l—JJ

ferring principal activity to the !

left hand. The code converters are reRCNECTOR
used where parts of the body TELEFHONE T —
other than the hands or arms are Ling
used to control the interface and KEYBOARD

where it is desired to experiment @
with other codes. Supporting the o0E

use of the total system are instruc- CONVERTER | | NPV 10 o ror
tional materials and techniques.

described in Volume II, Appendix
C. Figure 2. “Cyberphone” and “Cyber-Tone”
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II. INPUT INTERFACES

The man-machine interfaces can
be configured to assume virtually
any physical form to meet the
individual needs of multihandi-
capped persons, and can be op-
erated by bodily motion, pros-
theses or ortheses. The accom-
panying photographs illustrate
several interface configurations,
including a large foot-operated
interface, and an interface with
keys designed for operation with
the fists or heels of the hands (see
plates 1 a-e, 1 a-d, and 3 a-b.).

ol
8-+,

Plate la. CP Subject Using 14-Key
Interface with Rubber Pads
on Keys to Prevent Slippage

Plate 1b. Armless Subject “Cyber-
typing” with His Prostheses

Q
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e |
Plate lc. CP Subject Learning the  Plate 1d. Subject Using the Knuckle of

Cybercode through the Her Left Index Finger to
“Cyber-Circus Story” “Cybertype”

“ et . .

Plate 1e. Subject Using the Heels of Her Hands on the Foot Interface

Plate 2a. CP Subject Using Large Foot Interface
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Plate 2b. Two CP Subjects Using 14-Key and Coantrol-Stick
Interfaces

Plate 2d. Videotaping of the CP Subject Shown in Plate 2c.
Trying a 14-Key Interface

Plate 2c. CP Subject Typing a Word List on the Control-
Stick Interface

Plate 3a. Various Interfaces Connected to a Single Type-
writer
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Plate 3b. Group Instruction with Various Interfaces connected to a single typewriter.

The principal interfaces used in
this phase of the program con-
sisted of remote keyboards of 14
keys in two groups of seven, each
key operating only one momen-
tary contact switch. Two switches
(one and only one switch from
each group) operated concurrently
produce a typewriter function or
other output. Plate 4 shows a
portable interface connected to a
modified standard electric type-
writer.

There is no requirement that
the number of keys be the same in
each group. In fact, to satisfy the
special needs of Subject No. 103,
a mouth-finger interface was used
with two groups, of three and 16

Q
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Plate 4. Portable
Typewriter

“Cybel’type”

14-Key Interface with a Modified Electric




keys. This 3x16 interface thus
produces 48 characters and func-
tions (see plate 5). The subject
operates a miniaturized bank of
eight double-throw switch levers
that fit in the mouth, enabling the
subject to produce 16 switch clos-
ures with her tongue. The other
three switch closures required for
the bilateral-input are obtained
from one fixed and two finger-
contact switches arranged so that
the subject can operate the latter
two with a slight hand movement.

Figure 3. C}lf;acter/Function Bilateral Transfer Code (Showing keying position for

-

NI TRANSFER CODE g @@

The initially assigned code, pre- < o
viously reported, is as shown in
figure 3. Each characte: or func- L /
tion produced by a pair of keys of \
the interface is shown at the inter-

section of the two rows defined Figure 4. Character/Function Bilateral Transfer Code for Left-Handed Subjects
by the two keys selected, one for (Showing keying position for “J™)

3-position Finger Switch
Plate 5. Bilateral-Input Interface
(3x16) EFT BANK

o
Q)
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each bank of seven. This code
reflects the frequency of letter
usage of English. An interface
with left and right banks inter-
changed is available for subjects
with left-hand dominance. The
corresponding transfer code is
shown in figure 4. Figures 5, 6,
and 7 represent variations in the
standard transfer code which re-
sult from using different electric
typewriters as output devices.

IV. OUTPUTS

These man-machine communi-
cation systems employ a variety of
output forms:

1. PRINTED.

This output form, used
throughout t'e program
described in this report, is
produced by remotely oper-
ated, modified electric type-
writers.

VISUAL.

Configurations of “Cyber-
lex” and ‘“Cyberlamp,”
word and letter displays
serve as important elements
of feedback by producing
easily read, large letters es-
pecially helpful to visually
handicapped persons. The
displays also permit direct,
real time, continuous visual
communication between
users of “Cyberphone” or
“Cyber-Tone” without the
need to produce printed
text.

PUNCTIFORM.

Modified, electrically oper-
ated machines are used to
produce braille, HAIBRL,
or other punctiform out-
puts.

AUDITORY.

Several configurations of

systems which produce
auditory feedback for each
character or function typed,
are being evaluated.

. PUNCHED TAPE.

This output mode is being
studied for information
storage, transport, and re-
trieval.

TACTILE.

Several configurations of
systems which provide feed-
back to blind and/or deaf-
blind persons by tactile in-
dications, are being eval-
uated.

MAGNETIC TAPE.

Means of recording on mag-
netic tape information
produced by “Cyber-Tone”
and ‘‘Cyberphone” for
storage, transport and re-
trieval are being evaluated.

“What are some of the developments that promise solutions of these
problems? Two of the most exciting: first, man-machine communications
systems that adapt and compensate for sensory and/or motor disabilities;
second, a programmatic approach to training. Together, they can
demonstrably help people with learning disabilities.

“The objective of one current study of man-machine communications
systems for handicapped individuals is to learn how persons with severe
physical handicaps and/or minimal brain dysfunctions can be enabled to
communicate through the printed, audible, and punctographic word. By
employing interfaces which not only match the machine’s operational
requirements, but also the individua!’s performance capabilities, individ-
uals who heretofore could not communicate via the written or printed
word zre now demonstrating otherwise.”

Cybernetics Research Institute



Lart Three

The deaf, the deaf-blind, and
those individuals who are unable
to speak or who have severe
speech impediments, are denied
the use of effective telephone
communication. A number of
special devices and facilities are in
use to restore some measure of
telephonic capability for these
individuals. Telephone companies
provide special devices that aug-
ment the normal telephone. Also,
automatic typewriters provided by
certain organizations are available
to deaf individuals for com-
rmunication to and from fixed
installations. One of these units
(see plate 6) weighs approximately
275 pounds and requires the use
of a special converter such as the
Phonetype*. This is a light weight,
efficient converter which can

Plate 6. Automatic Typewriter with
Special Converter for Tele-
phone Communication

*Proprietary to Applied Communica-
tions, Inc., Menlo Park, Calif.
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easily be installed at any fixed
installation which has appropriate
receiving equipment. These sys-
tems leave much to be desired in
situations v-nere handicapped indi-
viduals are away from fixed in-
stallations or wish to use regular
public telephones.

To provide new and necessary
capability for these handicapped
individuals to communicate by
telephone, C/R/I has undertaken
to evaluate the “Cyberphone” and
“Cyber-Tone,” two portable edu-
cational telephone communica-
tions systems. Many of these new
capabilities appear feasible at edu-
cation centers where use of tele-
phonic devices can be extended to
include access to computer library
files. This form of information
retrieval has been unavailable here-
tofore to the handicapped stu-
dent.

The ‘““Cyberphone’ is a porta-
ble, battery-operated, solid state
instrument which permits the
deaf, the deaf-blind, and indi-
viduals incapable of speaking, or
having severe speech impediments,
to communicate via telephone
over regular telephone circuits. An
early prototype unit, weighing
about 28 pounds, and portable,
but requiring external AC power is
shown in plate7,at the left. A new
unit, completely portable, and
with battery power included, but

Plate 7. Cyberphones

weighing only about eight pounds
is shown in plate 7, at the right.

The use of acoustic coupling for
transmission, and magnetic
coupling for reception, obviates
the need for rental or lease of
telephone lines or direct con-
nections between the ‘“Cyber-
phones” anid the telephone lines,
thereby eliminating both the cost
and inconvenience of fixed loca-
tion operation. The equipment
utilizes a ‘“‘Cybertype” 14-key,
bilateral-input interface with the
same transfer code used in all
CYBERCOM elements. It provides
a miniature, visual, alphanumeric
display, and can operate a type-
writer or a braillewriter. Thus,
typed hard copy andfor braille
copy are available at both ends of
the communications link to aug-
ment the built-in visual display.

In the transmit mode, the
equipment encodes each character
or typewriter function desired

27



from the 14-key interface into a
sequence of six binary data bits.
These data bits, along with a start
and a stop pulse, are combined to
form a sequential eight-bit ‘word.’
The binary levels, in turn, deter-
mine which of two audio fre-
quencies are generated by the
transmitter’s oscillator. The ampli-
fied sequence of binary tones
drives a small speaker which is
acoustically coupled to the tele-
phone.

In the receive mode, signals
from the telephone are coupled
inductively to the equipment,
amplified, and the eight-bit ‘word’
is regenerated. The six data bits
are then decoded and the decoder
output is used to control a bank
of matrix drivers compatible with
all CYBERCOM devices. The
timing sequence is such that
“Cyberphone” is capable of oper-
ating at speeds up to 150 words
per minute. The transmitter is
muted and the receiver is activated
except when actually transmitting
information. Thus, no action by
the operator is required in switch-
ing from the transmit to the
receive mode, and the transmit
mode is entered automatically by
inputting information through the
14-key interface.

The nature of the signal tones
used for “Cyberphone” com-
munication permits use of
ordinary low-cost portable-type
recorders for temporary or long-
term information storage. These
recorders have successfully been
used to pick up signal tones from
either the telephone or the
“Cyberphone” speakers. Subse-
quent playback can be either to
the telephone for remote “Cyber-
phone” decoding and display of
the recorded information, or

ERIC
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directly to “Cyberphone” for
locat readout.

Self-contained, rechargeable
batteries provide up to five hours
of operation between each over-
night charging operation. Alter-
natively, house current power,
110-130 V, 60 Hz, can be used
when long periods of operation at
fixed locations are anticipated.

The use of completely solid
state circuitry, sequential binary
words for the information format,
and a two-toned transmitted signal
(frequency-shift keying) provide a
reliable, lightweight, and portable
system. Tape recordings of the
system signals have been trans-
mitted over long distance lines on
several occasions with 100 percent
copy received. These tape re-
corded signals have been sent over
standard transatlantic telephone
voice circuits, with about 85 per-
cent copy recorded at the
receiving end. In this case, the
overseas time-sharing switching
circuits introduced transient and
hostile signal effects which re-
sulted in occasional erratic per-
formance, but not sufficient to
jam the contents of the message.

Continuing activity will be to
prepare test procedures, to deter-
mine modes of its usage, and to
measure its effectiveness in satisfy-
ing communications needs for the
handicapped.

The second system for use by
the handicapped is “Cyber-Tone.”
It provides an effective and effi-
cient (no equipment is required at
the transmitting end) means of
telephone communication for the
deaf and persons with speech
impediments, by using only the
push buttons on a standard
Touch-Tone® telephone. One
readout device is a miniaturized

version of the CYBERCOM visual
display unit. In addition, a simple
code converter provides coupling
to any other element of the
CYBERCOM system for readout
of the communication.
‘““‘Cyber-Tone” operates by
means of the tones generated by
the Touch-Tone®, using a two-
element sequential *“Cyber-Tone”
code, based on the location of the
alphanumeric characters as they
appear on a standard telephone
(see figure 8). A character is trans-
mitted by depressing the button
on which the desired character
appears, followed by depressing
that button which identifies the
location of the desired character
within its leiter group. For
example, the letter “G” is trans-
mitted by first depressing (and
releasing) the button containing
“G”, followed by depressing the
“1” button, which indicates that
the letter “G’’ is the first letter in
the three-letter group (GHI)
appearing on the button. Nu-
merals are transmitted by con-
sidering them as the fourth char-
acter of the group on their respec-
tive buttons; i.e., a numeral 6
would be transmitted by first
actuating the “6” button followed
by actuating the “4” button.
Thus, 24 letters of the alphabet
and the digits zero through nine
can be encoded for transmission
simply by referring to the infor-
mation printed on the telephone
dial. The other two letters (Q and
Z) and the space character are
encoded by simply considering the
“1” button to be imprinted with
the characters: ‘“‘space”, “Q”, *“Z2”
and “1”, in that order. Hence,
“Z” is transmitted by actuating
the “1”’ button followed by a “3”.
Additionai encodings are used

Cybernetics Reseaich Institute
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CYBER-TONE CODE

CHARACTER/ KEYING
FUNCTION SEQUENCE

-

NN ADLAMDDDRDOUNOUN—=UIN=WON—0OIN =N =0N— ON—=W0N

W W W e P W e W W e M N W o VY WY v e v Y v e

QOONONPUN ~N<YXXESCHVIOTVOZ2Ir-XC—I@TMOOD>

ND=000QQUVWANOIRUN == VOOWRDDNN—=~NNOOONGTODL LD OUNOUNND

I 2 3

H
GHI JKL MNO
4| |5 6 ,
H
H
PRS TUV W XY ’
[ 8 9 ,
3
H
prd? cr. .
0 ,
carriage refurn ,
period ,

question mark
__ TOUCHTONE® KEYBOARD ) jestion! :
= upper shift=8,7 upper shift ,
psr%= Zﬂ?ﬁ,ﬁ lower shift 5: 7 lowershift ,

c.r=carriage return

Figure 8. “Cyber-Tone” Transfer Code
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with the prototype unit to expand
the utility of the system,
especially when coupled to type-
writer readouts of the
CYBERCOM family. The proto-
type code is tabulated in figure 8.
With the 10-button keyboard and
a two-element sequential code, the
unit has a potential encoding
capability of 100 characters or
functions.

The simplicity of this encoding

process allows a totally inexperi-
enced operator to achieve speeds
of eight to ten words per minute
after only a few minutes of prac-
tice. The practical upper limit of
speed is approximately 15 words
per minute, although higher
speeds can be achieved with prac-
tice.

A portable Y%-cubic foot bat-
tery-operated decoder unit pro-
viding visual readout weighs less

than 5 pounds. This decoder
equipment is necessary only in
receiving Touch-Tone® encoded
communication, and not for trans-
mitting. Thus, a person with hear-
ing, but with a speech impedi-
ment, would not require any
equipment for his end of the
communications link, but those
with whom he desired to coni-
municate would require the port-
able decoder.

“Today, it is well within the state of the art dramatically to help many
learning-disabled and/or physically handicapped individuals. How? By
means of economical, electro-mechanical aids that compensate for their
congenital or adventitious deficiencies, and use of systems that may even
enhance development of their intellectual, sensory, and motor potentiali-
ties. Man-machine systems, designed for the individual’s requirements, are
beginning to demonstrate significant improvements in the operational and
communication skills prerequisite to intellectual development.

“One of our goals is to allow individuals to express themselves through
the printed word, thereby stimulating the development of otherwise
dormant intellectual and motor potentialities. This goal is based on the
assumption that our handicapped children must communicate via the
written word if they are to be educated.

“We expect that by studying the attainable efficiency of communica-
tion possible in such unusual and multimodal communications arrange-
ments, new insights into the neurophysiological control of movements and
the man-machine communications and coding processes wiil emerge—
insights of theoretical, as well as practical, interest. Our goals are also
aimed particularly at a better understanding of such. considerations.”

Cybernetics Research Institute




Durt Four | HAIBRL

HAIBRL, an experimental
punctographic communications
system, was conceived and devel-
oped at C/R/I during the present
program. The principal objective
of this tactile system is to enhance
the capability of blind individuals
who have not been successful in
learning standard braille. HAIBRL
has the potential to serve not only
totally blind individuals, but also
those with marginal vision, as well
as some with no visual impair-
ments who may need a tactual
augmentation in communicating.
HAIBRL could lend itself well for
use in scientific and technical
work, music, and foreign lan-
guages because of its richness in
unequivocal patterns, adaptability
to international phonemes, and its
use of a minimal number of dots
per character, function, or sym-
bol. Its richness in unequivocal
patterns suggests applications even
for sighted people in environments
where tactile inputs are needed,
for example, where there is no
light and written instructional in-
formation is needed or, where the
user may not refer visually to
informational cues.

HAIBRL is free of the principal
shortcomings of braille (Nolan and
Kederis, 1969), which are the fol-
lowing:

1. Braille patterns are difficult
to recognize when there is a
high multiplicity of dots.

2. In braille, too few different
character patterns are avail-
able.

Q
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3. Of the 63 rossible dot con-
figurations of the six-dot
braille cell, 31 are equivocal
(see Section 1.13 on
HAIBRL, page 20 of the
C/R/I Interim Report, Ka-
fafian, 1968).

This ambiguity in braille pat-
terns, combined with the high
multiplicity of dots per character,
causes confusion to beginners, and
requires highly concentrated read-
ing for many users. The braille
reader who ':icks tactile discrimi-
nation, or the beginner, errs fre-
quently because of the complexity
of the configurations presented.
Since whole-word recognition is
an important element in successful
reading, and since multiplicity of
dots in a whole word impedes easy
recognition (Nolan and Kederis,
1969), standard six-dot braille has
serious shortcomings.

HAIBRL, on the other hand, as
analyzed and described in the In-
terim Report, offers an opportun-
ity to overcome the deficiencies
cited above. First, along with its
reference bar (which is present in
all HAIBRL cells), it uses only one
or two dots for normal language,
reserving three dots for special
applications. Second, it has num-
erous different character patterns,
all unequivocal. Finally, its num-
ber of available patterns far ex-
ceeds present demands on a
punctiform system; thus, this
system’s constraints might be only
the memory capability of the user.

Studies have continued on one

HAIBRL cell configuration having
16 dot positions (see figure 9).

Figure 9. Experimental HAIBRL Cell

Eight of these positions are
arranged above and eight below a
horizontal reference bar. Essen-
tially, there are four quadrants,
each with four dot positions. The
sizes and center-to-center spacing
of the dots correspond identically
to those of standard braille (see
figure 10, area A).

One experimental, upward-
writing slate with the above
HAIBRL cell configuration was
made and is being tested (see
plates 8 and 9). The actual dimen-
sions within the cells of the slate
differ slightly from those de-
scribed above. Other experimental
slates, with slightly varying dimen-
sions, also have been constructed
(see plate 10). Observations made
by experienced braille readers on
samples embossed by these prelim-
inary slates have suggested that
experimental testing proceed on
the 16-dot experimental HAIBRL
cell configuration illustrated in
figure 9.

The HAIBRL cell provides 16
unambiguous one-dot and 120 un-
ambiguous two-dot patterns. The
use of the reference bar alone as a
character thus makes a total of
137 unequivocal patterns (see
figure 11).

31
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Scale 7:1

Bottom Plate
Plate 9. HAIBRL Slate, Upward Writing

Early indications are that for
beginners, a dot pattern or charac-
ter made from a cell with 16 dot
positions with its reference bar
should not have more height than
the standard braille cell. Excessive
height in a single character may
impose difficulty on certain
readers, requiring tactile searching
over the character area, a process
sometimes called “‘scrubbing.” To
preclude scrubbing, a height con-
straint is placed on HAIBRL char-
acters.

Plate 10. HAIBRL Slate with Magified View of Single Cell

)
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Experimental Cell X1

(Not to scale)

[E: Extended (not shown), with less than or equal to three dots but more than the three-dot
neight of a standard braille cell.}

X

OXO

@O
@@

Experimental Cell X2

*“No-

Class Dot” 1-Dot 2-Dot Sub-total 3-Dot Total
Less than A —_ 8 28 36 56 92

3-Dot B - 8 28 36 56 92

Height *C 1 — 16 17 48 65
3-Dot Height D - - 8% 8 244 32
Sub-total 1 16 80 97 184 281
More than

3-Dot Height E —_ - 40 40 376 416
Total 1 16 120 137 560 697

*Number in class C do not include configurations already counted in A and B.
t19,1-12,49,4-12,5-13, 5-16, 8-13, 8-16
$1-59,1-5-12, 1-8-12, 1-8-9, etc. . . .

Data are for style X1. For X2 combine figures in line D with line E.
Combination 1-5-10, and somz others in class E are .030"* higher than 3 Dots.

Figure 11. Summsry of HAIBRL Cell Combinations

A legend has been assigned to
the experimental HAIBRL cell
(see figure 11) wherein each of
the four rows of dots are num-
bered froin left to right: the top
(first) row contains dots 1, 2, 3, 4;
the second row contains dots 5, 6,
7, 8; similarly, the third row has
dots 9, 10, 11, 12; and the bottom
row 13, 14, 15, 16. The reference
bar is between the second and

third rows (directly beneath dots
6 and 7 and directly above dots 10
and 11).

Referring again to figure 11, it
can be seen that, in the two upper
rows of dots (1-8), there are
thirty-six one and two-dot charac-
ters which are less than the three-
dot height of standard braille.
These are called HAIBRL A char-
acters (“A” meaning above the

reference bar). The bottom two
rows (dets 9-16), or HAIBRL B
characters (‘‘B” for below the
bar), yield an additional 36 per-
missible dot patterns.

The second and third rows, or
HAIBRL C (“C” for center), pro-
duce 16 new two-dot patterns.
Eight additional dual-dot combi-
nations, HAIBRL D (‘D” for du-
plex, since it uses dots above and
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below the reference bar), are from
three-dot high pairs taken only
from the outer columns (dots 1, 4;
5,8;9,12;13,16).

Thus, the number of permis-
sible characters whose height does
not exceed three dots is sixteen
one-dot, eighty two-dot, and one
reference bar only, or 97. Yet
even with this height restriction,
the 97 unequivocal HAIBRL pat-
terns provide a richer basic tactile
alphabet than the total 63 func-
tions of standard braille.

With this same height con-
straint, and with three dots per
character, HAIBRL offers 184 ad-
ditional dot patterns. This new
total of permissible HAIBRL char-
acters is 281, giving HAIBRL a
valuable and necessary versatility
as a punctiform writing system.

In the event Experimental
HAIBRL Cell X2 is used, the total
combination of characters with
the three-dot height constraint is
reduced, but not significantly, as
is indicated in figure 1!, which
reveals that 32 HAIBRL chara-
cters must be excluded, leaving
249 instead of 281 combinations.

In figure 11, HAIBRL E (“E”
for extended) refers to combina-
tions which have not more than
three dots, but which exceed the
constraints of a three-dot height
pattern.

The full code, HAIBRL F (“F”
for full) includes every possible

configuration and yields a total of
65,536 functions available in the
HAIBRL system.

At C/R/1 and at the Depart-
ment of Psychology Perceptual
Alternatives Laboratory of the
University of Louisville, prelimi-
nary evaluations of HAIBRL are
being conducted by researchers.
Continuing research on configura-
tions of HAIBRL will involve con-
trolled programs to measure the
relative tactile discriminability of
characters in HAIBRL Xl1, X2,
and other forms. Subsequently,
individual dot characters will be
assigned meanings in terms of
graphemes, letters, symbols, or
phonemes for a research study of
the communications effectiveness
of HAIBRL. Figure 10, area A,
shows the visual appearance of a
written phrase in grade two
braille; area F thereon shows a
possible arrangement of this same
phrase using HAIBRL.

In addition to studies of the
16-dot HAIBRL cell, the follow-
ing are being considered:

1. Standard six-dot braille cell,
but modified by the inclu-
sion of a reference marker
consisting of a bar or en
larged dots placed internal
or external to the cell (see
figure 10, areas B and C), to
remove ambiguities of char-
acters entirely.

2. Standard six-dot braille cell,
but modified by increasing
the diameter and/or height
of dots 3 and S, thereby
reducing thc number of 31
ambiguous braille characters
to eight (see figure 10, area
D).

3. Standard six-dot braille cell,
but modified by elongating
dots 3 and 5 (see figure 10,
area E), to reduce the num-
ber of ambiguous braille
characters to only four. (No
spe'cial stylus will be re-
quired.)

4. Other configurations.

Preliminary studies to date
show great promise that HAIBRL
based on a 16-dot cell, and some
of the other configurations ex-
amined, will provide new and use-
ful capability in punctiform writ-
ing for tactile communications. It
should be noted that, as a puncto-
graphic system for beginners with
its present language utility,
HAIBRL will have a constraint in
that more space is required to
communicate a message. In the
experimental cells being tested, a
space ratio between HAIBRL and
braille of approximately 1.85 to
1.00 prevails on a horizontal scale,
and a ratio of 1.33 to 1.00 exists
on the vertical scale. This con-
straint will not impede or alter the
planned usefulness of HAIBRL.

“Sensory feedback is essential in most learning processes; in the
acquisition of reading skills, it is critical.”

Q
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Part Five

Studies made at C/R/l on de-
vices employed as sensory aids for
the visually handicapped are intro-
duced in this section. Visually
handicapped individuals may have
reached a reasonably balanced sit-
uation between their various activ-
ities concerned in communicating
with their environment. However,
when their capability in one phase
of their activity is suddenly en-
hanced, as it may be through the
main aspects of the present pro-
gram, other phases fall out of
balance and require new enhance-
ment to permit taking full advan-
tage of the benefit that may re-
sult. Thus, these sensory aid
devices seek to provide collateral
support to the main thrust of the
work at C/R/I.

CANES

The standard nylon tip of a
tubular, aluminum Hoover cane
for blind individuals was replaced
by a rounded steel alloy tip. The
cane with the new tip has been
subjected to strenuous preliminary
tests by a regular user of this type
of cane who had been displeased
by the rapid wearing of the nylon
tip. Furthermore, the worn, sharp,
pointed end of the nylon tip
presented potcntial danger accord-
ing to its user because it could tear
clothing or accidentally scratch
furniture. The new, lightweight
steel alloy tip has shown negligible

ERIC
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wear in a 6-month period of hard
usage (see plate 11). The user of
the cane with the steel alloy tip
was pleased with its performance,
wearing, and safety properties.

Plate 11. Hoover Cane with Experi-
mental Steel Tip

A newer design of a carbide tip,
which is smaller and lighter,
should have greater wear capabili-
ties. It can also be easily replaced.
Its design has been completed (see
plate 12).

Loss or an impediment in a
person’s visual system limits navi-

Plate 12. Hoover Cane with Experi-
mental Carbide Tip

SENSORY AIDS FOR THE
VISUALLY HANDICAPPED

gation and imposes serious con-
straints when ambulating. Hence,
the invention of radio direction
finding by Marconi in 1906, and
subsequent development of more
sophisticated radio navigational
aids over the past few decades,
brought hope to blind individuals
who envisioned use of these sys-
tems for personal navigational pur-
poses. C/R/I has begun to investi-
gate the utility of a low-cost radio
guidance scheme employing com-
mercially available, broadcast-
band radio receivers as the means
of guidance for the blind. With
information derived from an error
signal, a blind person may use
existing radio systems to navigate
in an orderly manner under ces-
tain conditions. One constraint of
the navigational system (and there
may be others) is that it would
not actually detect objects, but
would serve as a guidance instru-
ment, providing direction in the
azimuth plane. Other means
would serve to warn the blind
person of obstacles. Investigations
are underway at C/R/I to ascertain
the extent of the utility of radio
networks for use by blind indi-
viduals.

SONIC OBSTACLE DETECTGRS

Experimental low-cost sonic de-
vices that emit a continuous
stream of audible pulses, variable
in rate, have been obtained. C/R/I
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is working with two sightless sub-
jects for a preliminary evaluation
of the effectiveness of these sonic
detectors.

COMMUNICATIONS FOR
THE DEAF-BLIND

No well-established, satisfactory
pattern exists for communicating
with the deaf-blind. Teachers for

the deaf-blind use individual but
differing methods. The problem of
providing the deaf-blind with prac-
tical and valuable means for com-
municating and navigating repre-
sents a fertile field for study and
research. C/R/I is exploring man-
machine systems within its area of
special skills and experienc-s to
find relatively simple and low-cost
systems that will satisfy this essen-

tial need. For example, the use of
overhanging mobile ribbons that
can be activated by simple motor
devices may be an effective means
for guiding the deaf-blind in un-
familiar environments and in sig-
nalling to them. Already, prelimi-
nary success with an electric
braille typewriter for use by the
deaf-blind using a telephone has
been demonstrated.

citizens.”

“General and special educators are hopeful that these and other
man-machine systems may be added to this growing list of educational
aids. Educators hope that these innovations will improve the communica-
tions capabilities of learning-disabled and/or physically handicapped
individuals so that they too can develop into independent and productive

l{llc ‘econd Report, Volume I, 1970
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Part Six | COLLATERAL STUDIES

I. LANGUAGE ECONOMY

Conrventional English has high
redundancy in its informational
content. Numerous researchers
have made extensive measure-
ments to establish quantitative val-
ues of this redundancy. It is found
to be present in the language both
morphologically and orthographi
cally. It is the nature of conven-
tional English that the informa-
tional content permits anticipating
with high probability of accuracy
what the next word, morpheme,
or letter (grapheme) will be in a
normal sequence. Thus, every
word, or morpheme, or grapheme,
does not contain meaningful in-
formation, but is in the normal
language as part of its natural
adornment.

In the area of communications
for handicapped children, where
effecting written communication
presents a severe physical burden,
it should be possible ivo take ad-
vantage of the redundancy in
normal English to reduce the
physical burden on the scverely
handicapped to write, thus reduc-
ing mental and emotional stress.

For some categories of the mul-
tihandicapped, it has already been
shown that the use of the 14-key,
dual-input interface reduces the
physical burden of producing
graphemes 1n communicating.
However, it is possible to go
further in reducing this burden by
reducing the number of graphemes
required to convey a given amount
of information in a written com-
munication.

ERIC
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Based on the above precepts,
studies have been started in two
specific areas. One study concerns
the use of phonemes, instead of
the graphemes that are the con-
veational letiers of the alphabet;
and the other is in the area of
abbreviated i.nguage. These two
will be discussed separately.

A. PHONEMES

The nonphonetic spelling of
normal English aggravates the
learning and reading difficulty of
those children who are handi-
capped in the area of specific
learning disability. The additional
step of converting the graphemes
in a nonphonetically spelled word
into proper sounds, then going to
the word, and finally into mean-
ing, often is enough of an addi-
tional hardship that it impedes or
biocks learning altogether. Thus, it
may be possible, by going the
route of writing with phonemes,
that children with specific learning
disabilities may find new relief.
Only preliminary studies have
been undertaken in this area. The
relative efficacy of the use of
phonemes as the graphcme, in
place of the familiar Initial Teach-
ing Alphabet (ITA), has yet to be
analyzed.

The phoneme used as the graph-
eme offers even greater promise
for those who have a seveare visual
handicap. Those whose writing
shall always be tactile and who
will never need to effect a transi-
tion from a modified spelling of
normal English (phonemic, ITA,

or other) to normal spelling may
find strong gains resulting from
the use of such modified spelling.
Thus, grade two braille (which is a
modified form of spelling, but in
punctiform writing), or phonemic
writing, or other modified form of
spelling, can be regarded as the
matured form of spelling for that
class of handicap.

An additional potential for the
use of phonemes in writing for the
handicapped, especially for the
blind, is in the area of interna-
tional communications. The pho-
neme has a strong character as an
international alphabet. Thus, in an
internationally adopted conven-
tion for punctiform writing, the
phoneme becomes a more uni-
versal grapheme.

The benefits to be derived from
a phonemic structure in puncti-
form writing may be greater in a
new basic character other than the
standard six-dot braille cell.
HAIBRL, with its very much
greater number of unambiguous
and easily recognized characters,
may provide considerably greater
potential for its use in writing
with phonemes. Studies on
HAIBRL are reported separately
in Part Four.

To support the continued study
of the potential for the use of
phonemes as the grapheme for
various categories of handicapped
children, a separate study has been
made of the total number of
phonemes comprising the English
language as well as a large number
of foreign languages. The results
of this analysis are set forth as a
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separate report in Volume II, Ap-
pendix I: Phoneme Study.

B. ABBREVIATED LANGUAGE

The inherent redundancy in
normal English has permitted ex-
ploiting this characteristic to ad-
vantage in a number of areas.
Grade two braille, used as the
standard abbreviation in puncti-
form writing for the blind among
English-speaking peoples, has ef-
fectively reduced both the burden
and bulk of punctiform writing.
Telegraphic language used for
economy in high-speed telecom-
municatiors is another form of
abbreviated language. Popularly
taught and extensively used in
stenography are ABC Shorthand
and Speedwriting, again, well-
known forms of abbreviated lan-
guage, in these cases, abbreviated
spelling. The commercially avail-
able system known as Sténotype*
also represents a kind of abbrevi-
ation in the language, in a some-
what different form.

Abbreviation in language, in
either morphology, orthography,
or both, reduces the total work in
producing the written communica-
tion. This economy in producing a
written communication is of ex-
tremely high value for handi-
capped persons. Whether a severe-
ly handicapped person is to write
by hand, on an electric typewriter,
or on a l4-key interface, the
economy that comes from using
an abbreviated language, in effect,
uses the brain to reduce the bur-
den on the motor capabilities of
physically handicapped individ-
uals. By learning the code for an
abbreviated language, thus reduc-

*TM and Proprictarv to Stenograpnic
Machines, Inc., Skokie, Ill.

Q
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ing the number of separate physi-
cal actions that must be taken to
write out a given message, a dis-
tinct gain results. In this case, the
fullness of the written sentence is
in no way compromised. It ap-
pears in the full fluency or elo-
quence of which the writer is
capable.

In the second form, a minimal
alphabet is considered. Here, the
emphasis is on reducing the num-
ber of graphemes necessary to
communicate. In this concept, be-
ing studied presently, the ap-
proach is more particularly
adapted to typing with bilateral-
input inierfaces. One type of
interface consists of two groups Or
banks of seven keys each (for a
total of 14 keys). The dual-keying
input produces the approximately
90 distinct characters/functions of
a standard typewriter. In the con-
cept of the use of a minimal
alphabet, it may be possible to
require fewer characters/functions
and thus use an interface with less
keys.

The potential benefit of such a
use of a minimal alphabet with a
reduced keyboard is tremendous
for the individual who is ex-
tremely handicapped in several
categories. Some ways in which
the required number of char-
acters/functions may be reduced
so greatly are, for example:

e Eliminating a number of let-
ters of the alphabet by let-
ting other letters or letter
combinations serve,

e Being content with only the
simplest
structure.

e Modifying spelling.

punctuational

The development of useful ab-
breviated languages or minimal al-
phabets requires analysis of a
number of factors. These factors
would be, among others:

e Related to existing forms of
abbreviated language.

e Effective in reducing the
bulk of a given message.

e Easy to learn by the writer.

e Easy to use by others who
may not be handicapped,
but who must communicate
with the handicapped.

e Easy to recognize by others
who have had no training in
the abbreviated form of the
language.

Only preliminary studies have
been undertaken to the present.

1. CORRELATION OF VIS-
UAL DEFECTS AND
SPEECH DEFICITS

The degree to which visual im-
pairment affects communica-
tion—both the receiving of an oral
message and the articulation by a
handicapped individual—was the
object of a small preliminary
study undertaken by three stu-
dents at the University of Illinois.
Their report is included as Appen-
dix J in Volume 11.

The results of this study pro-
vided no evidence of any signifi-
cant correlation between visual
defects and speech deficits. How-
ever, the small number of subjects
involved in the study, and the
preliminary nature of the experi-
mental method, require further
research to substantiate or refute
these findings.
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Part Seven

In its study of man-machine
communications systems for the
handicapped, C/R/l is studying
the Patient-Operated Selector
Mechanism systems, a man-
machine commaunications system
manufactured by and proprietary
to P.O.S.M. Research Project of
Aylesbury, England. The system
was developed by The Electro-
Mechanical Laboratory for Aids to
the Disabled, National Spinal In-
juries Centre, Stoke Mandeville
Hospital, Aylesbury, England.

One P.O.S.M. (“Possum™) was
obtained for extended evaluation.
It operates by puffing and sucking
at the open end of a hollow tube
placed in the operator’s mouth.
Another mechanism, a word-store
device, was examined but not
evaluated; it cppears to have
numerous merits and should be
studied further.

The system evaluated at
C/R/1, identifind as “Possum”
Typewriter Control System Type
6A, permits the user to control
the operation of an electric type-
writer and tape recorder in all
their functions, but in a digital
sequential manner. A coded sys-
tem of maintaining blowing and/
or sucking pressure, with pauses,
on a mouthpiece, controls the
mechanism. A counting out of the
timing tone beeps emitted by the
mechanism permits the user to
employ the code. A microphone
for the tape recorder also is posi-
tioned near the operator’s mouth

STUDY OF

to permit recording of any spoken
communications. Thus, the value
of this system is great for a totally
paralyzed individual who does
have control over his mouth. The
complete unit is shown in plate
13.

Plate 13. “Possum”

POSSUM* SYSTEM

C/R/l investigators have sug-
gested that a visual lamp—in addi-
tion to the tone signal used for
subjects depending on audio feed-
back— be provided for feedback
of the timing to subjects with
hearing impairment. This visual
feedback is now available for
“Possum.”

The equipment has been used in
preliminary examination and in
training of staff personnel (its
operation has been totally reli-
able).

A second subsystem of “Pos-
sum’ equipment that was ex-
amined is the Word Store. It con-
sists of an electric typewriter and
a magnetic core memory in which
about 400 words and short
phrases are stored. No failures
were experienced during the dem-
onstrations or at any other time.

In the configuration examined,
the coding consisted of paired
numbers in seguence, identifying
which of a system of momentary-
contact switches are to be oper-
ated. By selecting the appropriate
code, either through the switch-
closure input or the alternate
breath-controlled input, each sepa-
rate character or function of the
typewriter, or any of the whole
words or phrases that have been
stored in the memory system, may
be produced.

Numerous configurations of the
“Possum’ equipment are possible.
Systems can be synthesized using
various combinations of type-

*Proprietary to P.O.S .M. Research Project, Aylesbury, Bucks, England. U S. Patent 3.241,115

Q
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writer, tape recorder, Word Store,
calculator, telephone connection,
switch-closure input, breath-
operated pneumatic control in-
put,* etc.

More appropriate instructional
material for children is required
for the “Possum™ so that it will be
as effective as the full capability
of the device itself. In the opinion
of the principal investigator, this is
a remarkable system. C/R/I is
presently investigating the prepa-
ration of appropriate instructional
materials for these systems there-
by permitting these mechanisms
to be used by handicapped chil-
dren.

The following is a chart (figure
12) of the “Possum” transfer
code. Subscripts denote the num-
ber of inhaling, exhaling, or wait-
ing time-signals required to pro-
duce a character or function. For
example

1LW30;

means inhale (I,) for two units of
time (each time unit corresponds
to one audible click emitted by
the control mechanism), then wait
(W3) three units of time (three
clicks), and finally exhale (0y) for
one unit of time (one click). Note
that the final breath function is
either an inhale or exhale function
with a duration of one unit of
time.

2o 0 "MomEoD0D QWb
] "

c ¥ W %N O WO ¥ E MR ™
It

I3;W101
01W301
C1 W20,
IoW;0;
01
1301

I; W30
I;Wal;
I, Wil
I3W1h
O2Wsly
O W1
I3h
0201
0104
02W10;
O03W,0;
;W01
01W10;
I
OW11;
12W,0;

W= 030
X = IgW109
Y = O3]

Z = I4W101
1 = O1Ws]
*

9 = I

Q@ _

g = 14

g

3 = W0
]

g = LWal
{ = 0;Ws01
l)) = IgW30;
Zo = OgWq0q
g _ T
3

§ = O4W1Q

code also activates tape recorder

= 01W311
7 = ywn
= O3W111
- = IgWaoly
, = 03W211
: = IgWal;
Shift = O1W1]y
Carriage 3
Return = Wi
Space = 1101
Back -
Space = O2Wsl
Tabulate = I3W201
Repeat = IgW]
On / Off = IgWaly
LEGEND
I = Air In (Suck)
O = Air Out (Puff)
W = Wait (No Action)

Figure 12. “Possum™ Transfer Code

*The amount of air the “Possum™ system requires is less than one cubic centimeter and therefore, is more a mouth-operated than a respiratory
one. Hence, even though the subject may have respiratory problems or assists, the “Possum™ control can still be operated effectively by mouth

control,
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PREFACE

“As no man is an island unto himself, and no event emerges unrelated
to other events, so every cause is in itself an effect, and every effect a cause
that moves sometimes forward but oftener backward to alter the course of
change.”

Professor V. Lawrence Parsegian *
Rensselaer Polytechnic Institute

The Appendixes which follow contain detailed data
supporting the summary information on the several studies set
forth in Volume I of this report.

*Parsegian, V. Lawrence; Meltzer, Alan S.; Luchins, Abraham S.; and Kinerson, K. Scott,
Introduction to Natural Scic rwce, Part One: The Physical Sciences. Academic Press, Inc.: New
York, 1968, p. 185. Permission to reproduce this copyrighted material has been granted by
Academic Press (copyright c¢'¥aer) to Cybernetics Research Institute, Inc. Reproduction by the
users of any copyrighted material requires permission of the copyright owner.
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Appendiv A

This Appendix is an account of
five special education studies con-
ducted during the period of this
program. These studies focused on
the efficacy of the bilateral-input
writing system in improving verbal
communicative ability, rates of
learning the character/function
keying code, development of
teaching procedures tailored to
needs and capabilities of indi-
vidual subjects, and integration of
man-machine systems into the
total educational program of the
subjects.

These studies were intended to
be preliminary and exploratory,
for the purpose of developing
teaching techniques and materials
and generating hypotheses for
later experimental validation. To
assure valid and reliable results,
future research must incorporate
improved experimental control
and standardization procedures
and deal with unre-olved problems
of defining and equating classes of
sensory, motor, cognitive and
other disorders. These problems
are always present in research with
multihandicapped subjects and are
intrinsically worthy of serious
study.

Preliminary results from the
studies in this report have been
most rewarding and have rein-
forced the principal investigator’s
conviction that bilateral-input
systems provide a channel of

Q
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graphic communication for handi-
capped children who have no
other means of writing. Experi-
ments developing from these
exploratory studies are being ini-
tiated and are described in the
“Future Plans and Programs” sec-
tion in Volume I of this report.

I. COMPARISON STUDY
A. INTRODUCTION

This initiai exploratory
study was performed to compare
typing speed and errors for one
typing system employing a 14-
key, bilateral-input interface and a
second system consisting of the
49%key interface of a standard
electric typewriter. Typing per-
formances were compared for
motor handicapped and nonhandi-
capped children.

This section of the report com-
bines resuits of two studies sepa-
rately planned and executed. The
first study dealt with a sample of
physically handicapped children,
and was identified as the “Com-
parison Study” in C/R/I’s Quar-
terly Report for February 19 to
May 19, 1969. The second study,
completed later, consisted of non-

handicapped subjects.
B. METHOD
Subjects: The handicapped

subjects consisted of 14 boys and

TRAINING PROGRAMS
WITH MAN-MACHINE
COMMUNICATIONS SYSTEMS

10 girls, ages 6 to 12, selected
from the Belle Willard School in
Fairfax County, Virginia; the
Edison School in Arlington
County, Virginia; and the Sharpe
Health School in Washington, D.C.
These 24 subjects were divided
into 12 pairs roughly matched
according to physical disabilities,
age, sex, reading level, visual and
auditory impairments, and IQs
from school records. One member
from each matched handicapped
pair was assigned to the bilateral-
input interface group (Group A),
the other member to the 49-key
keyboard group (Group B), for a
total of 12 subjects in each of the
two groups. The physical dis-
abilities of the subjects were clas-
sified as follows: 14 cerebral
palsy, two muscular dystrophy,
two poliomyelitis, one alleged
thalidomide, one nephrosis, one
brain damaged, one congenital
malformation, one Crouzon’s
disease, one dermatomyositis.

The nonhandicapped subjects
consisted of 20 boys and 12 girls,
ages 6 to 12, selected from the
Key School, Arlington, Virginia.
These 32 subjects were divided
into 16 pairs roughly matched for
age, sex, reading level, and IQs
from school records. Again, one
member from each matched pair
was assigned to a bilateral-input
interface group (Group C), the
othe: member to a 49-key key-



board group (Group D), for a total
of 16 subjects in each of the two TABLE 1
groups. Subjects and interfaces Subject Composition and Interfaces
used for Groups A, B, C, and D Used by Four Experimental Groups
are shown in Table L.
14-Key 49-Key
Bilateral-Input Single Sequential-Input
APPARATUS Interface Interface
The equipment for Groups A HANDICAPPED GROUP A GROUP B
and C consisted of 14-key, CHILDREN (N=12) (N=12)
bilateral-input interfaces operating
electric typewriters. Children with
left-hand dominance used a re-
versal code box to interchange
functions ordinarily performed by NON- GROUP C GROUP D
left and right sets of seven keys. HANDICAPPED (N=16) (N=16)
Equipment for Groups B and D CHILDREN
consisted of standard 49-key elec-
tric typewriters. ‘
Subjects in Groups A and C, PROCEDURE administered starting at about the

using the bilateral-input interface,
were taught the letter-keying code
using associative principles based
on the Cyber-Circus Storyry,
developed by Anna Mae Gallagher
and described in the C/R/I Interim
Report (Kafafian, 1968). Subjects
in Groups B and D, operating
standard keyboards, were in-
structed using “Keyboard Town
Story” (Gallagher, 1965). None of
the keyboards in these experi-
ments had letters or other coding
on key tops.

A different series of typing per-
formance tests was developed for
each group of subjects, because
sequences in which letters were
taught differed between groups
using bilateral-input interfaces and
groups using standard keyboards,
and because nonhandicapped sub-
jects would be expected to pro-
gress at a faster learning rate than
handicapped subjects. Each series
of tests required mastery of in-
creasing numbers of typed letters,
symbols, and functions.
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Four special education teachers
on the C/R/I staff served as in-
structors. These teachers col-
laborated with other members of
the staff in developing instruc-
tional materials and techniques in
an attempt to equate treatment
arross groups of subjects.

Each of the handicapped sub-
jects was given about 20 trainirg
sessions lasting 30 minutes, twice
a week, over approximately a
3-month period. Testing began at
about the fifth training session,
with each test being administered
for a timed 3-minute period. Most
subjects had received practice with
some test materials in previous
training sessions. Each test was
scheduled for a specific session,
but tests were sometimes re-
scheduled if necessary to accom-
modate the child’s learning pace.

Nonhandicapped subjects were
given about ten training sessions
of 30 minutes each, twice a week.
The 3-minute timed tests were

fourth training session and con-
tinued through the tenth session.

At the end of training, appro-
priate final tests were given to the
handicapped groups (A and B) and
the nonhandicapped groups (C
and D). Performance on these
timed tests was determined by
counting the number of letters,
symbols, and functions and the
number of errors produced in the
3-minute period.

C. RESULTS

Table II presents median num-
bers of characters (letters and
symbols) and functions produced
in three minutes on nine tests
given to Group A (handicapped
subjects, 14-key interface) and
eight tests given to Group B
(handicapped subjects, 49-key
keyboard). Errors were recorded
as a percentage of the number of
characters and functions produced
by each subject in each of his
3-minute tests. Median percentage

Cybermetics Research Institute



TABLE 11
Median Number of Characters/Functions Produced
by Handicapped Subjects
Using Bilateral-Input and 49-Key Interfaces
Test Number
1 2 3 4 5 6 7 8 Final
Group A Median 47 35 36 36 44 47 54 53 47
(14-Key)
(N=12) Quartile 13 14 17 16 20 22 21 34 25
Deviation
Group B Median 51 57 48 46 46 46 66 40
(49-Key)
(N=12) Quartile 32 41 18 12 20 23 22 13
' Diviation
TABLE III
Median Errors as Percent of Characters/Functions Produced
by Handicapped Subjects
Using Bilateral-Input and 49-Key Interfaces
Test Number
1 2 3 4 5 6 7 8 Final
Group A Median 11 8 5 11 5 2 2 6 6
(14-Key)
(N=12) Quartile 7 6 3 5 3 3 2 1 2
Deviation
Group B Median 14 10 14 9 6 14 10 14
(49-Key)
(N=12) Quartile 14 13 6 7 5 8 6 11
Deviation
errors are presented for Groups A final test was given to Groups A board). Median numbers of

and B in Table III. Medians and
quartile deviations were calculated
rather than averages and standard
deviations to correct for skewed
data distributions.

Training tests for Group A dif-
fered from those for Group B. To
improve comparison of typing per-
formance on these tests between
groups, median performance
scores were averaged across tests
for each group. Since the same

Q
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and B, performance on this test
can be compared directly between
these two groups. These data are
shown graphically in the upper
part of figure 1 for number of
characters and functions pro-
duced, and in the upper part of
figure 2 for percentage errors.

A similar treatment was applied
to data for nonhandicapped sub-
jects in Group C (14-key inter-
face) and Group D (49-key key-

characters and functions produced
in training tests and final test for
these groups are presented in
Table IV; median percentage
errors are shown in Table V. Data
are presented graphically in the
lower parts of figures 1 and 2.

D. DISCUSSION

Examination of data for handi-
capped subjects in figures 1 and 2



reveals that Group A subjects
using the bilateral-input interface
on the training tests typed on the
average slightly fewer characters
and functions, but with a smaller
percentage of errors, than did the
handicapped, Group B subjects
using the 49-key keyboard. On the
final test, however, subjects in
Group A typed a somewhat
greater number of characters and
functions with a smaller per-
centage of errors than subjects in
Group B. Although these dif-
ferences are small in relation to
intra-group variability (Tables II,
III, IV, and V), they suggest at
least a small post-training facilita-
tive effect of the bilateral-input
system for handicapped operators.

These results and interpreta-
tions may be qualified by recogni-
tion of improvements that should
be made in experimental control
procedures. To compare com-
municative performance for the
bilateral-input and standard type-
writer systems, factors affecting
typing performance, other than
typing interface configuration (the
primary independent variable),
must be equated across subject
groups. This includes equating
groups in terms of subject age,
sex, 1Q, dexterity, sensory-motor
capabilities, and clinical diagnosis,
as well as equating instructional
materials and techniques as much
as possible. Attempts were made
to attain these objectives in this
pilot study. However, improve-
ments in control procedures are
essential in future research to
determine more validly the rela-
tive efficacy of various systems for
written communication by handi-

capped subjects with certain
sensory-motor capabilities and
limitations.
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Figure 1. Median Number of Characters/Functions Produced by Handicapped and
Nonhandicapped Subjects Using Bilateral-Input System (Groups A and C)
and 49-Key Electric Typewriter (Groups B and D)
TABLE IV
Median Number of Characters/Functions Produced
by Nonhandicapped Subjects
Using Bilateral-Input and 49-Key Interfaces
Test Number
1 2 3 Final
Group C Median 61 54 78 62
(14-Key)
(N=16) Quartile 14 17 26 23
Deviation
Group D Median 63 63 70 67
(49-Key)
(N=16) Quartile 9 11 14 13
Deviation
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HANDICAPPED SUBJECTS

NON-HANDICAPPED SUBJECTS

Figure 2. Median Errors as Percent of Characters/Functions Produced by Handi-
capped and Nonhandicapped Subjects Using Bilateral-Input System
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(AVERAGED SCORES) |
GROUP D
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(Groups A and C) and 49-Key Electric Typewriter (Groups B and D)
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(14-Key)
(N =16)

Group D
(49-Key)
(N=16)

TABLEV

Median Errors as Percent of Characters/Functions Produced

by Nonhandicapped Subjects
Using Bilateral-Input and 49-Key Interfaces

Test Number
1 2 3 Final

Median 7 8 3 7
Quartile 6 6 3 8
Deviation

Median 8 5 7 10
Quartile 3 4 5 8
Deviation
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Examination of data for non-
handicapped subjects in figures 1|
and 2 reveals negligibly small dif-
ferences betweem Group C (14-
key interface) and Group D
(49-key keyboard) in terms of
numbers of characters and func-
tions typed and percentage errors.
These preliminary results suggest
that for nonhandicapped persons,
the 14-key bilateral-input system
is no more difficult to use than
the standard, 49-key electric type-
writer. This finding provides some
assurance that a handicapped child
using the bilateral-input system is
operating an interface which is not
intrinsically more difficult to con-
trol then a standard typewriter
keyboard. This assurance, com-
bined with the adaptability of the
bilateral-input interface to match
the handicapped operator’s
limited performance capabilities,
reinforces the value of the system
for severely disabled individuals.

Keyboards used in this study
had no letters or other coding
displayed on key tops. Since in-
dividual keys on the 14-key,
bilateral-input interface produce
multiple outputs, depending on
pairing of keys, one from each
grory, no symbois or markings are
normally inscribed on key tops.
Accordingly, keys of the 49-key
typewriter were masked for
equivalence with the unmasked
keys of the 14-key interface. This
procedure is supported by argu-
ments for equating instructional
and information-display con-
ditions for the two typing sys-
tems. Alternatively, letters or
other coding information might be
provided for key tops on the
bilateral-input interface for
equivalence with information
usually displayed by letters in-



scribed on key tops tor the stand-
ard typewriter. Another alter-
native would be to employ the
bilateral-input interface with
blank key tops, while leaving the
key tops of the standard type-
writer unmasked. In this pro-
cedure the information provided
by spatial positioning of bilateral
pairs of keys would be compared
to the information provided by
letters displayed on key tops of
the standard typewriter. Good
arguments can be presented sup-
porting each of these alternatives,
and the most defensible procedure
remains to be determined.

It is the strong belief of the
principal investigator that for
typewriter operation by hand-
icapped children, bilateral-input
spatial positioning of two or more
fingers with the 14-key interface is
more advantageous for acquisition
and retention of the character/
function keying code than the
single-input touch-typing method
used with the standard 49-key
keyboard. Each letter, symbol, or
function to be typed on the !4-
key interface requires a con-
current, bilateral response by the
operator, which may enhance for-
mation of a ‘‘cognitive map” link-
ing graphemes and typing func-
tions to motor responses in a
‘tactile-kinesthetic space’ which
includes a frame of reference pro-
vided by the fingers themselves or
other parts of the body used to
operate the keys. This system,
then, enables an individual to prac-
tice or rehearse the typing code
using a phantom keyboard defined
by the positions of kis fingers or
other parts of his body engaged in
the operation. This capability is
not. readily provided by the 49-
key keyvboard interface of stand-
ard typewriters.
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A unique contribution of the
bilateral-input system lies not only
in its small number of keys and a
major reduction in the area of the
keyboard, but in its interface
flexibility which permits modifica-
tion to match the performance
capabilities of the handicapped
operator. This adaptability is
demonstrated by some of the
modifications of the basic
bilateral-input system, described
elsewhere in this report, such as
the ‘control-stick’ interface, the
foot-operated pedal interface, and
the single-bank interface. Thus, it
has been demonstrated in this
program that a person whose
physical disability precludes or
greatly impedes his operation of a
standard typewriter keyboard is
able to communicate more suc-
cessfully with a bilaterai-input
system matched to his remaining
sensory-motor capabilities.

The principal investigator recog-
nizes that this research is pre-
liminary and exploratory in
nature, and additional, more care-
fully controlled experimentation
is required for a definitive com-
parison of bilateral-input and
standard typewriter systems for
handicapped persons. The present
study strongly suggests the
efficacy of the bilateral-input
system for certain categories of
handicapped persons, and it pro-
vides a foundation of subject data
and teacher experience from
which further experimentation
may progress.

II. DIAGNOSTIC EXPLORA-
TORY STUDY

A. INTRODUCTION

During the first phase of the
Comparison Study with handi-

capped subjects, many questions
arose concerning the materials and
methods wused in presenting
bilateral-input typing. The in-
structors observed that while the
Comparison Scudy was successful
in tcaching mastery of the
bilateral-input code, it did not
prepare subjects to make maxi-
mum use of the system as a
communications toci within the
classroom setting. Accordingly,
this exploratory study was
initiated to try new teaching pro-
cedures for future projects. An
attempt was made to assess sub-
jects’ physical and intellectual
capabilities for the purpose of
developing instructional pro-
cedures appropriate for each child.

B. METHOD

Eight children (see Table VI)
served as subjects, ranging in age
from 6 to 13. Four were di-
agnosed as having cerebral palsy,
one posti-encephalitis syndrome,
one arthrogryposis, one post-
polio, and one muscular
dystrophy. These subjects, Nos.
25 - 32, were initially screened for
the Comparison Study, but were
chosen instead for this study to
provide a group heterogeneous in
age and in type of physical dis-
ability.

The subjects attended about
twenty 30-minute sessions in the
hallway of the Sharpe Health
School, Washington, D.C. The
initial evaluation period proceeded
according to the following:

1. The instructor introduced
the <“‘Cybertype”, and
made a first assessment as’
to the general type of inter-
face configuration needed
to match the subject’s per-
formance characteristics.

Cybemetics Research Institute



TABLE VI

Data on Subjects Included in Exploratory Study
Functions Learned
C/R/1 by End

Subject Dexterity of Session Total Number

No. Sex Medical Diagnosis CA IQ MA Score 5 10 Final Sessions

25 F Post polic 13-8 101 13-10 15 39 39 43 15

26 M  Cerebral palsy 13-3 88 11-8 26 29 43 43 18

27 F  Post encephalitis 6-1 * * * 11 16 23 14

28 M Cerebral palsy 8-5  k* * 23 23 26 36 19

29 M Muscular dystrophy 11-7 84 9-9 29 32 41 45 17

30 F Cerebral palsy 77 71 5-5 27 11 15 23 18

31 F Arthrogryposis 80 88 7-0 15 11 18 29 21

32 M Cerebral palsy 7-8 86 6-7 17 11 24 18 14

Key:
*  Not available CA = Chron.ological Ag? (years-months)
**  Estimated below 56 IQ = Intelligence Quotient ,
MA = Mental Age (years-months)

2. A Dbattery of tests was The three clder children (ages expected to do creative writing
administered, including the 11-13) were taught the letter and class assignments after learn-
Peabody Picture Vocabu- code without the aid of formal ing the code in the first- few
lary Test, the C/R/I dex- associations. Of the five younger lessons. Speed and independent
terity test (Appendix C), subjects (ages 6—8), one was use in the classroom were the
and informal testing of taught using associations with the goals for all subJects Teachmg
auditory and visual capa-  “Cyber-Circus Stpry;” two were  methods and aids were devised
bilities. taught letter names, and then the and adapted to these goals and

3. Video tapes were made of “Circus” was used as reinforce- individual needs. Instructional
each child typing exercises ment; and two were instructed  materials and techniques are con-
requiring use of a variety of  without formal associations. tained in Appendix C.
keys, to be used in con- For the younger subjects, Five subjects used the bilateral-
sultation with the occup-  emphasis was placed on mastery  input system with lamp display
ational therapist, equip- of the letter names, the letter- and a standard 14-key interface.
ment technician, and  keying code, and a small voca- Three subjects, because of their

. teacher. bulary from the Dolch Basic Word  particular physical handicaps, used

4. Various types of instruc- List (Garrard Publishing Co., an interface having wider-spaced
tional materials were tried, 1960). Letter cards and blocks keys with rubber tops to preclude
including block and sand_— with sandpaper letters were used ‘slipping.’ o
paper letters, reading exer-  to reinforce letter recognition and .The subjects’ classroom
cises, class assignments, word building, in preparation for  teachers and the occupatig_mal
creative writing, and typing letters with the 14-key therapist of four subjects were
poetry. interface. The older children were  consulted concerning instructional
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materials and style of interface to
be used. The program of instruc-
tion was designed accordingly for
each child.

When the two oldest subjects
reached the stage of using the
machine independently, the equip-
ment was installed in their adjoin-
ing classroom for use in their daily
work. Their teachers assigned per-
tinent exercises or language arts
work to be done in the subjects’
typing sessions.

C. RESULTS AND DIS
CUSSION

The subjects received
between 14 and 21 instructional
sessions, with performance ranging
from Subject No. 29 who learned
45 letters, symbols, and functions
in 17 sessions, to Subject No. 32
who leamed 18 letters and func-
tions in 14 sessions. These data are
shown in Table VL.

Subject No. 26, a 13-year old
boy with cerebral palsy, learned
the code easily and tried to work
on reading assignments, but had so
much difficulty with spelling that
these assignments were discon-
tinued. Subsequently he devoted
his time to creative writing which
he found more enjoyable and
easier. This subject had had pre-
vious instruction on a 49-key
typewriter, but it had been discon-
tinued because of the subject’s
slowness (2.8 words per minute on
a S-minute test given about 7
months earlier). During the
sixteenth 1/2-hour lesson, this
subject was given an equivalent
S-minute test on the 14-key inter-
face and on a 49-key typewriter.
With the 14-key interface he typed
3.5 words per minute and on the
49-key typewriter he typed 4.7
words per minute, suggesting

transfer of training from the bi-
lateral-input system to the 49key
typewriter.

Subject No. 25, a 13-year old
girl, with paralysis of both upper
and lower extremities as a result
of polio, learned the code quickly
and used her right index finger
and the knuckle of her left index
finger to type. At first she showed
reluctance to use the 14-key inter-
face; subsequently, she said it was
faster and easier to use than the
49key typewriter on which she
had previously learncd to type
(although so slowly that its use
had been discontinued). Her
teacher reported that the subject
used bilateral-input typing often
in class.

Subject No. 29, an 11-year old
boy, with muscular dystrophy,
leartned 45 functions with the
14-key interface and, on the final
test, typed 4.9 words per minute.

Four younger subjects, ages 6 —
8, Nos. 18, 30, 31, and 32 learned
most of the letters of the
alphabet, a number of typing
functions, and a few simple words.
They typed at a rate of two or
three words per minute on the
final test. A 6-year old subject
(No. 27), who could already iden-
tify letters, learned the code and
typed at a rate of 4.3 words per
minute on the final test.

Case studies of Subjects 29 and
30 are found in Appendix E. :

It should be explained that even
though typing speed data are
being acquired, it is not by any
means the measure of success of
these communicative, educational
systems. The fact that the child
can be taught to communicate in
printed form with these mecha-
nisms and instructional aids is far
more important.

Efforts to integrate the
bilateral-input system into the
classroom suggested that children
can use the 14-key keyboards
successfully for production of
written responses under these con-
ditions. However, further research
is necessary to establish more pre-
cisely rates of acquisition of the
letter-keying code, effects of in-
structional experience with
bilateral-input systems on verbal
and intellectual ability, and aca-
demic achievement through use of
the systems in the classroom.

III. FOLLOW-UP STUDIES
(EDISON SCHOOL STUDY)

A. INTRODUCTION

At Edison School, Arlington
County, Virginia, three subjects
who participated in the Com-
parison Study were given con-
centrated instruction and super-
vision four mornings a week for a
month. The C/R/I instructor, a
teacher in the previous study at
this school, was well known by
the school staff and children. The
goal was to integrate the 14-key,
bilateral-input interface with
school work on a more intensive
basis than the twice-a-week sched-
uje used in other studies.

B. METHOD

Qbjectives for each of the three
subjects, Nos. 2, 3, and 7, were
different. A 6-year old boy, Sub-
ject No. 2, allegedly affected by
the drug thalidomide, had severe
impairment of arms and legs. He
leamed to type on the 14-key
interface in the Comparison Study
with relatively good speed (4
words per minute) and accuracy.
At the request of his teacher, he
was to use the interface for crea-

Cybemetics Research Institute



tive writing and for building his
sight vocabulary. Subject No. 3, a
9-year old boy with cerebral palsy
and a severe visual impairment,
had not mastered the entire code
in the Comparison Study. Unable
to write or to use the 49-key
typewriter effectively (according
to his occupational therapist), this
subject was given a 14-key inter-
face which gave him writing ex-
perience and helped him develop a
small sight vocabulary in prepara-
tion for reading. A 7-year old boy,
Subject No. 7, with Crouzon’s
disease and very poor dexterity,
had used the 49key typewriter in
the Comparison Study with
limited success. His visual and
dexterity problems as well as his
hyperactivity and short attention
span were the reasons for his
selection as a subject for the
14-key interface. The objective for
this child was to improve his
attention span as well as to de-
velop a means of written com-
munication.

Lessons directed toward these
objectives were planned with the
classroom teacher. The 14-key

interface and alphanumeric lamp
display were used in the classroom
or in a resource room depending
upon the structure of the class for
the day. The 14-key interface was
used by each child for an average
of 30 minutes per day, 4 days a
week.

C. RESULTS AND DIS-
CUSSION

Subject No. 7 had been in-
structed on the 49-key typewriter
in the Comparison Study. His
progress had been disappointing in
view of average, or above average
intelligence and rather good motor
coordination, although his sur-
gically formed fingers lacked dex-
terity. Hyperactivity plus multiple
visual abnormalities were con-
sidered his major problems. Fasci-
nation with the intricacy of the
49-key typewriter proved so dis-
tracting that the subject was
unable to concentrate on the
letters typed. For this study, he
was transferred to the 14-key in-
terface, with the alphanumeric
lamp display for visual feedback.
The smaller number of keys on

this interface proved less dis-
tracting, and the subject’s per-
formance improved. Typing exer-
cises included words composed
from scrambled letters, timed
tests, practice sentences, and work
given him by his classroom teacher
(see figure 3). His ability to type
using the bilateral-input interface
was especially valuable in view of
his nearly illegible handwriting
(see figure 4).

Subject No. 3 (cerebral pais;’
with considerable spasticity,
wheelchair-confined) was the most
severely impaired child in the
Comparison Study; he had audi-
tory encoding problems in addi-
tion to visual difficulties. This
subject’s visual discrimination
abilities were limited and he had
extreme difficulty in following
written material. Two one-half
hour sessions per week resulted in
only slow progress. He needed
much repetition and a multi-
sensory feedback approach to
learning. To reach the interface,
the subject had to stretch his arms
from his shoulders so that he
could place his hand on the keys.

TODDAY

IS FRIDAY.

BRETTLIKES BEES.

TODAY IS SUNNY.

BRETT LOVES A KITTEN.ROTSBUM

234567890 1019 1124 31 Buy 12 eggs.

Isee 4 g cats.atei

FAT FFUN BELL BAT BIRDS ATE THE CRUMCS IT IS FUN TO DANCE

trrn it off
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Figure 3. Typing Samples — Subject No. 7
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His elbows flared out to bring his
fingers into position. His hand-
writing was extremely labored and
illegible (see figure 5), and at-
tempts to type on a 49-key type-
writer before this study were slow
and difficult. However, with the
aid of a modified bilateral-input
interface, to the satisfaction of the
subject and his teachers, he was
able to type 27 characters and
functions per minute by the last
session, as compared to 12 charac-
ters per minute illegibly hand-
written.

Instructional exercises for Sub-
ject No. 3 included timed test
sentences and words on cards,
original letters and teacher-
supplied lists of words which
posed difficult visual discrimina-
tion problems for him (see figure
6).

Subject No. 2 was a child with
his right arm underdeveloped and
with short legs, allegedly caused
by the drug thalidomide. He was
introduced to the 14-key interface
code in the fall and learned it
quickly and well. He typed slowly
and deliberately but with few er-
rors. The code reversal box was
employed to make better use of
the strength of his left hand. As
his reading skills were on a first-
grade level and his verbal ability
on a much higher level, he found
it a real challenge to write his own
stories. This subject had been
given the Spache Diagnostic Read-
ing Scale in April 1969 and again
after the 4-week period of instruc-
tion. His reading level rose from
1.8 to 2.3. In this month, he
typed original stories and made a
booklet of his work (see figure 7).

The period of training for these
subjects with the 14-key interface
took place during the last month
of school, making it difficult for
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HELLO MRS.

COME WITH ME.

HELLO WMALLK

THE MEOUNTY PPOLICEMAN

HIS SUIT IS RED AND BLUE. -~

HE HAS A GUN ANDRE HANDCUFFS.

JANE

WW& WHAT ARE YEOU DOING?THAIS AFTERNOON?

WILL YOU COME TTO SEE ME.

DANNY WENT WITH CBRETT.

Figure 6. Typing Samples — Subject No. 3

the investigators to measure re-
sults effectively. The machines
were used successfully in the class-
room with the subjects showing
marked improvement in ability to
communicate in writing. All three
subjects used the equipment in-
dependently of the instructor and,
by the end of the study, appeared
to enjoy operating the system.

BELLE WILLARD SCHOOL
STUDY

A. INTRODUCTION

At Belle Willard School, the
subjects were four children from
the Comparison Study sample and
two children from the 1968 Pilot
Study described in the Interim
Report (Kafafian, 1968). The pur-
pose of this phase of the Follow-
Up Study was to develop instruc-
tional techniques and materials for
achieving proficiency in using the
14-key, bilateral-input system for
classroom operation.

B. METHOD

Subjects: The four children
from the Comparison Study (Sub-

jects 9, 14, 15, and 16) and the
two children from the 1968 Pilot
Study (Subjects 36 and 38) had all
received instruction with the
bilateral-input interface but had
not developed independent pro-
ficiency in operating the equip-
ment due to the severity of their
physical handicaps. A summary of
characteristics of these six subjects
is presented in Table VII. Subjects
34 and 37, identified in Table VII,
were also from the 1968 Pilot
Study, and sporadic contact was
maintained with them to en-
courage use of the interfaces in
their classroom. Also in Table VII
is Subject No. 35 who was sched-
uled for regular typing sessions
toward the end of the instruc-
tional program after Subject No.
36 was transferred to a regular
classroom in another school.
Subjects 34, 35, and 37, who
had participated in the 1968 Pilot
Study- and had received further
instruction during the period of
the Comparison Study, were en-
couraged to use the equipment for
classroom work since they had
achieved mastery of the letter-
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Judy's Wedding

On Friday April 11, Judy and George got married. They are
married now, and they live in an apaftment, a whole hour away from
us. Judy wore a white weddipg gown, and it looked pretty én her.
Nan was a bridedmaid. I wore a blue and green suit. I also

wore 3 tle. I looked very nice.

By

Jinmy

Today I Am Captain

I hold the flag, and I choose what record I want. Mrs. Noble gets
the record, and I pat it on the record player. I am the leader going
to lunch. I work dhe puppet Pebo during song time. I wear a round red
captain's badge.

Everyone in the class gets to be captain sometime, but you have
to do something good to be captain. This morning I had to try to get

that gilly class quiet, but they wouldn't listen to me.

By

Jimmy

Figure 7. Typing Samples — Subject No. 2
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keying code and requisite speed.
These three subjects were also
tested for code retention during
the course of the Follow-Up
Study.

Subjects came to the instruc-
tion room once or twice a weck
for Y-hour periods with a single
instructor.

C. APPARATUS

The apparatus was a normal
14-key, bilateral-input interface
and a cluse-coupled (one hand)
interface which operated an elec-
tric typewriter. “Cyber-Circus”
toys were set up in the room for
reference and play. Between in-
structional periods, the equipment
was available in classrooms where
usage was not scheduled but was
encouraged whenever possible.

D. PROCEDURE

Since subjects differed widely
in performance, a variety of teach-
ing materials and techniques was
required to aid each child in devel-
oping requisite communications
skills for producing academic
work. Techniques employed in
this study included use of visual
feedback from alphanumeric lamp
displays and from typed pages,
coupled with auditory feedback
from the instructor to provide
information about letters and
words typed; use of two interfaces
on a multiple junction box into a
single typewriter to encourage

’ cooperation and competition by
two children working alternately
on the equipment; practice with
spatial positioning exercises in-
volving placement of fingers on a
table top or even in the air into
positions corresponding to pairs of
keys needed to type a letter,
symbol or function; and use of
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TABLE VII
Summary Chart of Subjects, Follow-Up Study
(Belle Willard School)
Subject CA Reading Numtl?er
. . 4]
Number Diagnosis (yearss-months) 1Q Level Sessions
9 Cerebral 7-5 78 1.8 9
Palsy
14 Cerebral 10-2 90 5 25
Palsy
15 Cerebral 9-9 89 2.3 13
Palsy
16 Residual Trau- 12-9 78 5 ({)
matic Brain
Damage
36 Cerebral Palsy 11-3 93 3 17
Hemiplegia
38 Congenital 83 Average 2 21
Cerebral Palsy
Hemiplegia
34 Cerebral Palsy 14-4 115 8 5
Hemiplegia
35 Thalidomide 9-1 73 * 7
37 Congenital * 93 3 2
Deformation,
Bilateral
Amputee
*Not available

background music to aid subject
morale.

The instructor maintained close
contact with the school principal
and, where possible, with class-
room teachers. Teachers were en-
couraged to view instruction on
the 14-key interface as an ex-
tension of classroom work and to
advise the instructor of each
child’s needs which might be met
during the instructiona! sessions.

E. RESULTS AND DIS-
CUSSION

Initial testing revealed that sub-
jects had retained all the letter-
keying code learned during ex-
perience in previous studies, in
spite of a lapse of at least four
months. There was, however, a
decrease in speed and accuracy.

All subjects achieved full me-
chanical use of the equipment and
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generally increased their typing
speed above the level attained in
the earlier Comparison Study (or
1966 Pilot Study).

Figure 8 shows median numbers
of characters/functions, and errors
typed by subjects in the present
Follow-Up Study and in the
earlier Comparison Study. For ex-
ample, in timed, 3-minute tests
requiring knowledge of 24 dif-
ferent letters, symbols, and func-
tions, subjects in the Comparison
and Pilot Studies produced a
median number of 17 letters,
symbols, and functions, while in
the present study their per-
formance improved to a median
level of 35. Median errors re-
mained at an approximately con-
stant low level between one and
five errors per test. It can be seen
that the curve for number of
characters and functions typed in
the Comparison Study slopes
downward, suggesting a decrement
in performance as increasing
numbers of different letters,
symbols, and functions were in-
troduced. The performance curve
for the Follow-Up Study, how-
ever, slopes slightly upward, sug-
gesting greater mastery of the
function and letter-keying code.

Subject motivation was found
to be an extremely important
determinant of performance. Sub-
jects 9 and 36 who were anticipa-
ting transfer to other schools and
who could type, though in-
adequately, with a standard 49-
key typewriter, showed some
decrement in performance over
time. However, Subject No. 14
who was highly involved in
creating her own book of original
fairy tales showed considerable
improvement in typing speed on

Q
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Figure 8. Medium Number of Characters/Functions and Errors Produced by
Subjects in the Comparison Study and by the Same Subjects in the

Follow-Up Studies

the 14-key interface. The re-
searchers observed generally that
the subiects who enjoyed using
words for communication made
the greatest progress in this study.

Exercises during instruction
consisted of, in order of de-
creasing output, writing original
compositions, copying word cards,
typing timed tests and practice
sentences, copying rhymes, and
finishing school work. Ofiginal
compositions were the most
popular exercises and produced
the greatest word output because
the children became personally
committed to their work and were
proud of their results. Copies of
these compositions were often
made for children to take home,
and two subjects each produced a
booklet of their compositions, one
of which was an extended fairy
tale (Subject No. 14) and the
other a collection of fanciful
essays (Subject No. 38).

The effects of background
music on typing performance
varied between subjects. Some
children enjoyed the music and
found it conducive to performing
their exercises. Others found the
music distracting and were better
able to concentrate on their exer-
cise in a quiet room. The role of
background music and its inter-
action with the individual per-
sonalities of subjects in affecting
performance on typing tasks is a
topic the researchers thought
deserved further consideration.

Results with two 14-key inter-
faces coupled to a single type-
writer suggested that subject inter-
action and competition may fa-
vorably affect attitude and per-
formance. During teaching and
testing sessions where children -
worked witll the 14-key interfaces
and other interface configurations,
they could work together on the
same typewriter, taking tumns
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operating their own keyboards
(see plate 1). At other times, the
instructor could operate one key-
board interface and reinforce or
correct the performance of a child
at the other interface (see plate 2).

Spatial exercises were used to
clarify and reinforce key-position
relationships. Some students
found it valuable to approx-
imately reproduce key positions in
the air to clarify the bilateral
movement relationships between
letters. This was especially helpful
to Subject No. 16, a brain-
damaged child whose movements
were slow but whose spatial rela-
tions were good.

The variety of techniques and
materials designed for an indi-
vidual subject’s needs and char-
acteristics generally resulted in im-
proved typing performance.
However, unless the material
produced was of high value to the
subject, performance deteriorated
through time, especially in cases
where use of the bilateral-input
system satisfied no specific physi-
cal or cognitive requirement.

Experience in applying the
operation of 14-key interfaces to
the production of classroom exer-
cises has revealed that instructor
supervision is usually required to
help the child achieve independent
use of the communications system
in a classroom environment. In
addition, the teacher must provide
classroom assignments which are
adapted for completion with a
typewriter.

IV. LEARNING DISABILITIES
STUDY

A. INTRODUCTION

The acquisition of reading skills
may be facilitated by tactile, kin-
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Plate 1. Members of Research Staff Testing with 14-Key and Control-Stick
Interfaces

Plate 2.

Teaching Session Using Two Keyboards and One Typewriter
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esthetic and auditory feedback
provided by tracing or writing a
word, speaking it, and listening to
it being spoken (Fernald, 1943).
This multisensory approach to
reading development is now gen-
erally adopted in programs of
reading instruction.

Children with specific learning
disabilities (SLD} often demon-
strate poor motor coordination
caused by underlying physio-
logical or central nervous system
deficiencies. According to
Fernald’s theory, when poor
motor coordination or other fac-
tors interfere with the acquisition
of cursive writing skills, the de-
velopment of reading ability may
be impeded. However, this reading
impediment may be mitigated by
providing the handicapped child
with a simpler method of writing
than cursive handwriting. Camp-
bell (1968), in a study of reading
acquisition by children with severe
learning and motor disabilities,
employed an electric typewriter
with a standard 49-key keyboard
to simplify the task of writing.
She found that children using such
keyboards to produce written
exercises, showed significantly
greater improvement in voca-
bulary than did a comparable
group of children using cursive
handwriting.

Since the bilateral-input keying
interface may be adapted to
utilize the limited motor capa-
bilities of various types of handi-
caps, many disabled youngsters
are finding the dual-input key-
board easier to operate than the
standard 49-key keyboards. Ac-
cordingly, children with severe
learning and accompanying motor
disabilities should demonstrate im-
provement in reading skill as a

Q
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result of writing experience with
the bilateral-input system.

The purpose of this Pilot Study
was to observe the performance of
children with learning and motor
disabilities when being trained to
use the bilateral-input system for
the production of written com-
munications. It is expected that
these observations will lead to
experimentation on the use of
bilateral-input communications
systems by children with specific
learning disabilities.

B. METHOD

This study employed eight sub-
jects, ranging in age from 6 to 14,
with a variety of clinical diag-
noses. Of the eight children, four
had severe learning disabilities,
two had cerebral palsy (CP), one
was congenitally deaf, and one

demonstrated congenital dyslexia.
Although clinical diagnosis varied
between subjects, all showed
evidence of learrang impediments
with accompanying sensory or
motor disorders. A summary chart
outlining subject characteristics is

provided in Table VIII.

Subjects were given the fol-
lowing tests of cognitive func-
tioning: Peabody Picture Voca-
bulary Test, Wide Range Achieve-
ment Test (reading, arithmetic,
and spelling), Wechsler Intel-
ligence Scale For Children (digit
span, block design, vocabulary,
coding) and the C/R/I Dexterity
Test (see Appendix C).

In addition to this battery of
tests, subjects were given typing
instruction using (1) a standard
electric typewriter with 49-key
interface; (2) variations of the

TABLE VIII
Summary Chart of Subjects
Subject CA Reading
No. (vears) IQ Diagnosis Level Speech
55 14 107 SLD: Emotionally 3 Mumbled, low
Disturbed amplitude
56 8 Not  Cerebral Not Unintelligible
Known Palsy Known
57 i1 127  Congenttal 33 Normal
Dyslexia
58 8 100 SLD 1 Articulation
problems
59 10 Not  Cerebral Not Unintelligible
Known Palsy Known
61 6 69 Congenital 2 Rudimentary
Deafness
62 7 140 SLD 1 Normal
63 11 98 SLD 5 Rough vocal
quality
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14-key, bilateral-input interface
(standard, pedal, and control-stick
keyboards); and (3) a “Cyber-
lamp” display to provide visual
feedback for each letter, symbol
or function typed. Children used
separate work tables, and those
not in wheelchairs used swivel
chairs, Testing and typing sessions
were evenly divided in 1-hour per-
iods held twice weekly. Subjects
worked both individually and in
small groups in the C/R/I instruc-
tion room which is equipped with
a two-way mirror for observers.

In the initial session, subjects
were introduced to a color-coded,
14-key, bilateral-input interface
and were taught the first six let-
ters of the code (e-t-a-o-n-i), the
‘space,” and the ‘carriage return’
functions. Once the concept of
bilateral-input was understood,
color-coded fingering charts (fig-
ure 9) were mounted on the wall,
and children searched the charts
to learn the fingering for different
functions. Emphasis from the
beginning was on combining let-
ters and words for self-expression,
rather than on code mastery
alone.

A number of instructional tech-
niques and typing materials, des-
cribed in Appendix C, were used
in both individual and group ses-
sions. Instructional procedures
varied with group size. In indi-
vidual sessions, the child used an
interface which activated a type-
writer or lamp display or both.
With two children, each worked
with a separate interface con-
nected to a single typewriter, and
the two alternated typing the
same word, or shired typing of
phrases and sentences. When the
group was expanded to four, each
child had an interface which
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NOTE: THE COLOR OF THE CONTROL KEY ON THE LEFT
BANK OF THE INTERFACE,MATCHES THE COLOR CF
THE CHART FOR THAT SET OF LETTERS. (see text)

INTERFACE

GREY

Figure 9. Color-Coded Fingering Charts

activated a typewriter or lamp
display. (Thus four keyboards plus
the teacher’s were being used with
only one typewriter.) Specific let-
ters or letter combinations were
used for drill, and were typed
rhythmically by all the children.

At the onset of this study, the
two CP children were unable to
control arm movements, to de-
press keys, or to produce speech
intelligible to the instructor. To
facilitate typing, a special tech-
nique was used for each child.
Subject No. 59 practiced bilateral
typing responses with her fingers
on the instructor’s hands until her

apraxic spasm was practically
overcome; then her hands could
be manipulated to produce
bilateral-inputs to the interface.
Subject No. 56 typed with her
right index finger hooked over her
thumb for support, and the in-
structor provided the left-hand in-
put.

To develop independent con-
trol, the CP subjects used the
control-stick interface for part of
most sessions. This interface pro-
ducec the tunctions of the upper
row of the 14-key interface by
pushing the stick forward, and the
lower row by pulling it back. This
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mechanical arrangement thus pro-
vides more letters with a pushing
motion. Since the CP subjects
could pull the control-stick more
easily than they could push it,
their interface was rotated so that
their natural pull motion would
produce the greater number of
letters. While the children typed
on this interface, the instructor
announced each typed function to
enhance feedback. :

The CP subjects also required
postural attention. When neces-
sary, the children were “propped
up” with pillows on one side, but
were not supported in front. Inter-
faces were on a table adapted for
wheelchairs and adjusted in height
to ease hand control and reduce
fatigue. Work to be copied, and
an alphanumeric display were
placed in a direct line of vision to
optimize the presentation of feed-
back information. Also, stimuli in
subjects’ peripheral fields of view
were minimized to reduce dis-
traction.

All subjects were encouraged io
experiment with different inter-
face configurations in learning let-
ter arrangements and in deciding
which interface was easiest to
operate. Children used the stand-
ard 49key keyboards as just
another interface and developed
their own ‘hunt-and-peck’
methods to operate the keys. At
the end of each session each child
was provided with a copy of his
paper to take home. For a per-
manent record and future analysis,
video tapes were made by the
investigators, of the subjects using
the apparatus at the beginning and
end of an &week period. Subjects
diagnosed as SLD were given the
same final performance tests used
in the Comparison Study.
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C. RESULTS AND DIS-
CUSSION

The testing program included
the Peabody Picture Vocabulary
Test (PPVT), from which 1Q
scores were derived, the Wide
Range Achievement Test (WRAT),
and the Wechsler Intelligence
Scale for Children (WISC). Due to
time limitations, not all tests were
given to all children. However,
PPVT IQs ranged from 69 to 140,
with a median of 103. In spite of
the predominance of average or
above average 1Q scores, all sub-
jects, except one, tested below
their school grade levels in basic
academic skills {reading, spelling,
arithmetic), reflecting learning or
cognitive disabilities.

Significantly, the flexibility of
varied keyboard interfaces
coupled together in various ar-
rangements was a major asset for
both SLDs and CPs in terms of
enhancing the ability to produce
written material. Many combina-
tions were used: two interfaces
into one typewriter, one interface
into two typewriters, one inter-
face into a typewriter and an
alphanumeric lamp display, and
the pedal interface into a lamp
display with the interface being
hand-actuated while the subjects
were lying on the floor in a
darkened room.

No objective measures of the
effects of visual feedback were
obtained. However, there was a
definite increase in clarity and
volume of speech for CP subjects
in the presence of auditory feed-
back from the instructor, and fur-
ther enhancement when a micro-
phone, amplifier, and loudspeaker
were used.

Group instruction was also ex-
plored. Two SLD subjects,
brothers, provided each other with
mutual support and learned code
patterns more rapidly together
than individually. After four ses-
sions, an attempt was made to
expand this excellent relationship
for learning by the addition of
another set of brothers, also SLDs.
Among the four, however, the
areas of disability were too
diverse, ages too varied, and com-
petition too fierce to permit this
particular group to work together
effectively. Other children
working together in groups
showed performance improvement
from interpersonal cooperation
and motivation.

The subjects used a number of
available interfaces and lamp dis-
plays to produce a variety of
materials, including scribbles, in-
dividua! and group letter drills,
lists of words and phrases, and
original stories and pictures.
“Scribbles” or random typing
periods allowed the child to act a
role in imitating the skilled adult.
Scribble was observed in all cases
to move into words and back to
scribble. It was also observed that
the sound of scribbling by one
child was often distracting to
another child who was typing
copy.

Drill in two, three, and four-
letter frequently-used com-
binations instead of in single let-
ters, which helped to define key-
board spatial relationships, was
more effective in code acquisition.
High-interest word cards from
which subjects could make phrases

- or sentences enabled older SLD

subjects, ages 10-14, to work in-
dependently and produce a satis-
factory volume of work. Younger
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SLD subjects could not scan or
shift visual fixation to copy
adequately from word lists.

Original stories dictated to the
teacher and read back to the
subjects for typing proved to be
an effective instructional tech-
nique, especially for younger sub-
jects. Pictures to accompany these
stories were drawn with pens and
crayons to augment typewriter
printing.

Feedback from parents revealed
that there was general improve-
ment in their children’s finger
dexterity, speech, posture, and
confidence. The investigator's
observations of subjects’ verbal
performance suggest that improve-
ments in reading and writing
ability might be expected to
develop from an intensive program
of instruction with the bilateral-
input communications system.

While this study was designed
to be exploratory, indications are
that a 14-key, bilateral-input inter-
face may be used effectively by
many children with leamning dis-
abilities. It was especially helpful
to children who did not have the
motor control or facility to
operate the 49key keyboards.
Aithough some assessment was
made to determine areas of
dysfunction, problems involved in
specific learning disabilities are
obscure, and continued research is
essential to determine any
ameliorative effect of the
bilateral-input typing system.

V. GROUP INSTRUCTIONAL
PROCEDURES (See Appendix F.)

VI. SPECIAL PROJECTS AND

CASE STUDIES

A number of handicapped sub-
jects have received individual

training at C/R/I for the purposes
of studying bilateral-input inter-
face configurations which would
utilize their strongest motor capa-
bilities, and of providing pre-
liminary evaluation of research
equipment and materials.

From time to time individual
inquiries are made of C/R/I re-
garding possible help that may be
given to a handicapped person.
Parents, medical advisors, or
school officials, having heard of
the work being done at C/R/1,
have requested an examination of
a handicapped individual to
determine if “‘Cybertyping” can
be helpful. In general, these handi-
capped subjects are believed to
have greater potential in their
academic training than they are
showing in their present environ-
ment.

Such subjects are welcomed to
the laboratory at C/R/I where,
after a study of records available
and an initial interview with
parents or medical advisor, the
subject is allowed to try appro-
priate interfaces under the direc-
tion of a special educator. A
videotape record is made, and
researchers can also observe the
subject through one-way observa-
tion windows, if desirable. Indi-
vidual subjects so observed pro-
vide additional experience in asses-
sing the effectiveness of the inter-
faces and their numerous con-
figurations in providing a means of
written communication for the
several categories of handicapped
individuals. Such observations also
provide insight into new variants
of interfaces for special needs of
individuals with unique handicaps.

Special case studies and visitors
of particular interest are described
below:.

A. DEAF ADULTS

Subjects 47 and 48, two deaf
and speech impaired adults, aged
61 and 59, were engaged as re-
search subjects. They were trained
on various bilateral-input key-
boards for use with the Cyber-
phone,, telephonic communica-
tions system, for the purpose of
learning the extent of training
required and determining whether
these subjects could subsequently
assist special educators in develop-
ing instructional materials to be
used with these man-machine
systems.

PROCEDURE

The subjects had leamned the
basic bilateral-input code prior to
the period of this report. They
worked about 2 hours twice a
week to develop speed and ac-
curacy. They also learned to trans-
mit and receive simple messages
via alphanumeric displays.
Initially, the content of materials
typed consisted solely of type-
writer exercises; subsequently,
they typed paragraphs from cur-
rent magazines. These messages,
reflecting their personal interests,
were prepared on cards prior to
transmission.

Attention was given to the sub-
jects’ communications problems,
some of which were peculiar to
their hearing loss and speech im-
pairments. Since the subjects were
being trained, in part, for evalu-
ation of “Cyberphone” and
Cyber-Tone 1, communications
svstems, it was observed that tele-
phone language includes charac-
teristic colloquiaiisms with which
deaf persons are unfamiliar. Such
components of speech as “Uh
huh,” “Yeah,” “Hello,” “This is
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Rose,” or “Hello, Haig here,” are
not part of ordinary cor-
respondence, face-to-face vocal or
lip reading conversations, or other
daily nontelephonic communica-
tions. Thus, deaf persons, learning
to communicate by phone with
“Cyberphone” or “Cyber-Tone”
systems, should either become
familiar with these colloquialisms
used by regular telephone users or
perhaps they may adopt equiva-
lent expressions when communica-
ting between themselves via tele-
phone.

An investigation revealed that
the educational background of
both subjects was not appropriate
for further development of their
communications ability in the
present program. Their educa-
tional environment had been
patterned after that school of
training, so severely discredited oy
Alexander Graham Bell in his
famous paper, “Fallacies Con-
cerning the Deaf and the Influence
of their Condition,”” first
published in 1833 (A.G. Bell As-
sociation, 1969). Both subjects
had, in addition to gesture and
sign language, some training in
speaking, but it was apparent that
shortcomings in their speech and
reluctance to vocalize resulted
from a lack of appropriate training
rather than of their potential to
speak. At times, both subjects
. would generate minimally modu-
lated sounds when they wished to
attract the investigator’s attention.

RESULTS AND DISCUSSION

In producing written material
from printed copy with the 14-
key interface, the average speed
for Subject No. 47 was 13 words
per minute for a 5-minute test,
with an average of five errors per

Q
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test. Average speed for Subject
No. 48 for a 5-minute test was 11
words per minute with an average
of eight errors per test. Both
subjects later increased their speed
to about 17 words per minute.
Subject No. 47 generally had a
larger average output than Subject
No. 48 and made fewer errors.
The most common mistake made
by the subjects was the omission
of letters from words. Extra
letters and double letters occurred
in correcting errors.

Two-way communication using
the lamp display revealed that
both subjects could transmit
straight messages at speeds up to
about 17 words per minute. Sub-
ject No. 48 produced letters faster
than Subject No. 47, but was less
clear and made more errors, which
slowed down reception of in-
formation.

These subjects exhibited
problems arising from the char-
acterictic language deficits of
deaf-mutes in translating from
gestures to written language, as
evidenced by the following obser-
vations:

1. Their spelling was affected
by the manual sign lan-
guage with which they cus-
tomarily communicate.

2. They often failed to under-
stand the full meaning of a
transmitted message, re-
sponding to a sentence
fragment containing a
single word or phrase cue,
rather than comprehending
and responding to the com-
plete sentence.

3. They had difficulty in fol-
lowing detailed written
directions.

These subjects successfully

demonstrated the use of the

“Cyberphone’. between remote
points. (For example, when sci-
entists representing the Bureau of
Educaction for the Handicapped
visited C/R/I, these two subjects
transmitted and received messages
via “Cyberphone”, using 14-key
interfaces and alphanumeric dis-
plays.) Although they eventually
learned a pattern of a “sponta-
neous” telephone conversation
and were able to improvise short
messages, it was evident that they
felt more at ease when the mes-
sage to be transmitted was written
in advance. In fact, when demon-
strating they insisted on typing
from copy.

A separate study was under-
taken to determine whether they
could learn another bilateral-input
transfer code and to reveal the
extent of constraints, if any, of
having previously learned a dif-
ferent code. The subjects were
first shown the experimental code
by means of a matrix chart and an
explanation of the Iletter-key
equivalences. Subject No. 48 tried
first, exploring the code inde-
pendently, and after three sessions
could produce intelligible copy at
a slow rate. When Subjict No. 47
tried, she quickly understood the
equivalences, and after one-half
hour of exploration, typed a form
letter, with only occasional, rapid
references to the chart for finger-
ing positions.

CONCLUSIONS

Two da2af-mute subjects have
mastered the dual-input key-
boards, developing a speed which
permits a person to visually scan
an alphanumeric lamp display and
record the transmitted message.
They have suggested procedures
by which coded signals can be
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more readily identified when com-
municating via telephone. They
pointed out to the investigators
that signalling the correction of an
error was critically important for
clear communication. The neces-
sity of coding signals to indicate
the beginnings and endings of mes-
sag. s was also suggested by the
subjects. 1t was found that the
Mashing light of ‘‘upper shift” and
“lower shift” on the lamp dis-
play, which indicated capitaliza-
tion, introduced “noise’’ in their
communicating system, especially
when the pronoun “I’* was typed.
This observation suggests that dif-
ferentiation between upper and
lower cases should not necessarily
be made for the transmission of
information to be presented by
alphanumeric displays. Pre-
liminary investigation also in-
dicates that transmitted informa-
tion may be more easily read
when certain punctuation marks,
e.g., commas, hyphens, and even
question marks, are omitted. An
investigation of literature related
to research in telegraph trans-
missions as it may apply to trans-
mission of *‘‘Cyberphone,”
“Cyber-Tone,” and other related
equipment is being made prior to
determining a procedure anent
capitalization, punctuation, cor-
rection, and start and end of
messages.

The value of having typewriters
in which the carriage returns auto-
matically at the end of a line was
also apparent. The carriage-return
signal itself does not need to be
monitored because it has little
information value and appears to
disrupt the flow of meaning.

Dezi-mute persons who do little
writing and who have minimal

contact with people who can
speak and hear, need special train-
ing in the “normal” format of
telephone transmission, and may
even require a new communicating
format consisting of letters and
whole words appropriately dis-
played. Two- ray communications
with these new man-machine
systems presents a fertile field of
exploration especially where used
in educational environments
equipped with central computers
from which instructional materials
may be retrieved via telephones.

B. SPASTIC QUADRIPLEGIC
SUBJECT

A 17-year old student, Subject
No. 42, was selected in order to
explore how a spastic quadriplegic
with limited arm and hand control
would benefit from working with
these man-machine systems. His
school curricula did ot meet his
reading and writing needs, hence
the investigators directed their ef-
forts towards learning whether
typing experience and assistance
from special educators and man-
machine systems would improve
his reading and writing com-
petence.

His assets included excellent
verbal ability, a good vocabulary
and sentence structure, and an
especially cooperative spirit when
working with the research team.
Approximately 11 months prior
to his contact with his tutor, this
subject had been taught the finger
positions of the space function
and six letters on a dual-input
keyboard by the principal investi-
gator. His tutor noted that he had
retained all of the fingering posi-
tions and executed them without
eITor OT review.

PROCEDURE

Initially, this subject was in-
structed twice weekly for 1 hour
at his home. His first exercises
were typing common digrapns and
trigraphs that were spoken to him,
and writingg sentences about his
own experiences. After eight ses-
sions, he began to write his own
“newsletter,”” which he dictated to
his tutor. She then spelled the
dictated words to him in three and
four-letter clusters, indicating
space and punctuation.

The subject had been placed in
a school, new to him, shortly
before the onset of this instruc-
tion. Reading lessons were given ai
the new school during the first
semester but were abandoned dur-
ing the second semester in favor of
a sheltered workshop program.
Attempts at enrolling him in a
regular school system proved
futile. Hence, his experience in
learning to write with the dual-
input keyboard and the introduc-
tion of associated learning aids
became his principal academic in-
puts during this period. After 6
months of home tutoring, the
subject received instruction at the
C/R/1 laboratory, where re-
searchers learned a great deal
about matching interfaces and the
spacing of keys and controls for
this quadriplegic subject. This in-
formation proved to be of value
for other children similarly
afflicted. Sessions were dis-
continued during the summer and
resumed in the fall of 1969.

RESULTS AND DISCUSSION

The project’s special educator
reported that the subject showed
marked improvements in the later
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instructional sessions. His hand
and finger control had improved
and his typing effectiveness in-
creased to about two words per
minute. It must be noted that
effective, meaningful com-
munication and not speed, was the
important result of this subject’s
training. Progress was noted in
reading; phonics skills previously
acquired, emerged and facilitated
his spelling; and more impor-
tantly, this subject was able to
read stories he had created and
typed. Changes were also noted in
the appropriateness of verbal ex-
pression and in his speech struc-
ture. His former pattern of
stringing together standard expres-
sions had diminished.

The subject learned the
bilateral-input code in five ses-
sions. A major improvement in
fluency occurred with the intro-
duction and use of a color-coded
interface; as a result, the subject
ceased producing double letters.
An unfavorable effect was caused
when large type was replaced by
standard pica type. After this sub-
stitution, he rarely typed the prac-
tice sentences, partly because his
visual feedback was corziderably
reduced and he was unable to
manipulate a magnifying glass pro-
vided for his use.

The researchers observed that
feedback played an important role
in his educational motivation and
behavior, and they resumed use of
the typewriter with large type
which the subject could more
easily see. Subsequently, reading
of other materials by this subject
indicated that the improvement in
fluency was primarily due to
visual feedback of large letters and
not the style of the letters.

)
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By January 1970, the subject
had developed the confidence,
verbal ability, and motor co-
ordination necessary to compose
and type (using a 14-key inter-
face) original stories in response to
pictures shown to him (see figure
10; the picture was selected and
cut out by the subject).

The question of long-term bene-
fits from typing with the dual-
input interface remains to be
learned. This subject will be fol-
lowed-up in a future program. It is
of significance to parents who
have children similarly handi-
capped and who have been told by
examiners that there is little hope
for their children, that with ap-
propriate interfaces and instruc-
tion these children can develop
intellectually.

C. TEN-YEAR OLD MULTI-
HANDICAPPED GIRL

A special program of instru-
ction was undertaken at Belle
Willard Elementary School with
one subject, No. 50, who, because
she had no intelligible speech, was
receiving little instruction in the
classroom, but gave the impression
of being able to learn and to
communicate, if she had the
means to do so. The purpose was
to determine whether the
bilateral-input interface would in
any way facilitate communication
for this child.

PROCEDURE

For 1 hour twice a week this
subject received instruction with
the bilateral-input system. Since
she had use of only the right hand,
the instructor initially provided
either the left-hand input or
manipulated the subject’s left
hand.

The insiructional sessions were
enriched with the use of puppets
and musical instruments to
stimulate speech and to encourage
use of both hands. The Cyber-
Circusy,, toys were available for
play and code reference. A song
about “Cyber-Circus” characters
was devised.

Group conferences, prior to and
after instruction, were held with
the subject’s parents, a par-
ticipating classroom teacher, an
occupational therapist, a tutor,
and the school principal to co-
ordinate goals and materials.

RESULTS

This subject was taught most of
the letters of the alphabet in a
total of 17 sessions. Using the
knuckle of her right index finger
she could type reasonably ac-
curately with her right hand on
the 14-key interface. Her left hand
was very weak, and though im-
provement was noted in its use, it
had not attained strength and suf-
ficient control to operate the keys
independently. The subject moved
her left hand from key to key as
required, but the teacher had to
assist her to depress the key.

The child’s speech increased
noticeably and became clearer. In
addition, her use of the bilateral-
input interface and increased ex-
posure to printed words led to an
acquisition of a sight-reading
vocabulary of several words.

This program was terminated
by the parents after 17 sessions,
though it was strongly supported
by members of the school staff.
While the child was making rapid
progress and moving toward ac-
complishment and independence
in many performance areas, in-
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SUMMER HARVEST

THF MEN WERE A KIND OF PEOPLE

WHY WOORKING VERY HARBD TO MAKE
A LIVING . TPEY MADEED A LIVING::

TOO LIVE OFF OF THE LAND . T
CULTIVATE THE RICE,

ONE MAN IN WEARING A WOVEN
STDAW HAD. FOR THE SUN., HE
LIKES IT TOO.HE IS IN WET.

GARY

Figure 10. Original Story Produced by Subject No. 42 in Response to Picture
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cluding walking, the parents feit
that she was not happy. The in-
vestigators were subsequently in-
formed by the administration of
the school that this sort of action
was not uncommon for parents of
multi-impaired children, many of
whom develop their own behavior
patterns which at times adversely
affect their decisions and over-
view.

The administration at the
school, however, recognizing the
development potential, took new
interest in the subject and began
to provide new services. She began
speech therapy and made progress
in language deveiopment. This
subject was then seen as a child
who could use her own words and
was learning to talk. Her image at
school, as a direct outgrowth of
her participation in this program,
shifted from one defined by what
she could not do to what she
could do. Here again, the broad
scope of tasks-and responsibilities
of the special educator is high-
lighted.

D. THREE SHARPE HEALTH
SCHOOL CHILDREN

The occupational therapists at
Sharpe Health School requested
evaluations concerning the useful-
ness of the 14-key, bilateral-input
interface for Subjects 39, 40, and
41. The three subjects were seen
by C/R/I teachers and came to the
Institute for video taping.

Subject No. 39, age 6, had no
arms and had special gas-powered
prostheses. The operation of the
prostheses and the bodily move-
ments required for the bilateral-
input keyboard proved to be a

Q
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more difficult task than the single
sequential input of a 49-key key-
board. This child was able to
strike a typewriter key with one
prosthesis.

Subjects 40 and 41 were
observed as candidates for future
study. Subject No. 40 could use
one finger which she was unable
to use on the 49-key keyboard.
However she could operate one
side of the dualinput keyboard
which was equipped with widely
spaced keys. In order to operate
the other half of the dual-input
keyboard she was given a mouth
stick. This is a difficult case but
the investigator felt that the dual-
input interface would significantly
reduce the workload required by
this child. Subject No. 41 has no
functional use of her hands but
has excellent tongue and mouth
control and will be considered as a
future subject on the ‘‘Possum”
machine.

E. FOURTEEN-YEAR OLD CP

Subject No. 101 (cerebral palsy,
age 14, high IQ) attends a private
school for normal children. He has
an electric typewriter and can use
it with difficulty. His parents want
to keep him in a regular school
and seek help to allow him to
compete with other children.

Since this subject was able to
use a standard typewriter, it was
not regarded as desirable to have
him learn to use the other kinds of
interfaces for his school work.

F. MATURE SUBJECT

Subject No. 103 (mature
woman, age 36) is almost totally

paralyzed, but is capable of slight
head movements and use of the
tongue. The subject, under reha-
bilitative care of the Bio-Medicat
Engineering Facility of the
Rancho Los Amigos Hospital, of
Downey, California, has been
using a ganged mouth switch
developed by Los Amigos, and
consisting of a number of sepa-
rate, small switches to be operated
by her tongue. She was accepted
as a candidate because of her not
uncommon handicap, her high
motivation and her cooperative
attitude towards making a con-
tribution which would someday
help other handicapped children.
The subject can control the move-
ments of her wheelchair with her
mouth switches. In addition, using
her arm with the aid of a pros-
thesis, she can use a standard
49-key keyboard.

Presently the investigators are
studying the utility of a “Cyber-
type” in order to ascertain what
advantages, if any, will be attained
through use of a special, two-bank
interface. One bank consists of
three switches operated by the
fifth finger of her right hand and
the other consists of a mouth
keyboard with 8 double-throw
toggle switches. This interface has
been separately described in Ap-
pendix G, and in Volume I, Part
Two of this report.

G. Four subjects, 45, 56, 49,
and 60, participated informally in
“Cybertype” instruction for their
interest and for further pre-
liminary experience at C/R/I with
normal subjects. No formalized
data collection was undertaken.
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Apperndiv B

MASTER LIST
OF SUBJECTS

C Comparison Study
D Diagnostic Exploratory Study
F  Follow-Up Studies
G  Group Instructional Procedures
L  Learning Disabilitics Study
P  Pilot Study
SPC  Special Projects and Case Studies
W D. T. Watson Home for Crippled Children Study
Subject CA Subject CA
Number (yrs-mos) Diagnosis Study | Number (yrs-mos) Diagnosis Study
1 10-2 CP (Cerebral Palsy), C 24 10-6 Muscular Dystrophy C
Athetoid 25 13-8  Post Polio D
2 6-5 Alleged Thalidomide C,F 26 13-3 CP D
3 101 CP, Spastic CF | 27 6-1  Postencephalitis D
5 11-8 CP, Left Hemiplegic C 29 11-7 Muscular Dystrophy D
6 6-2 Dermatomyositis C 30 7.7 CP D
7 6-10 Crouzan’s Disease C,F 31 8-0 ArthrogrypOSiS D
8 10-8 CP C
32 7-8 Ccp D
9 7-6 CP CF .
10 9-3 Post Polio C 33 Adult Bilateral Amputee SPC
1 9-11 CP C 34 13-10 CP P,F
12 6-4 CP C 35 9-1 Thalidomide Syndrome P,F
13 10-3  Muscular Dystrophy  C 36 112 Cp P.F
14 10-2 CP, Rigidity CF 37 83 Congenitally Armless P,F
15 99  CP,Birth Accident  CF | 38 & cCp P.F
. 39 6 Bilateral Amelia, SPC
16 12-9 Brain Damage CF Femoral Deficiencies
17 6-7 Congenital Malformations 40 15 ' CP, Athetoid SPC
of Foot and Hip C Quadriplegic
18 8-10  Post Polio C 4] 13 Quadriplegia, Polio SPC
19 7-2 CP, Spastic C 42 17 CP, Spastic SPC
20 9-4  CP, Athetoid C Quadriplegic
21 12-7 CP, Athetoid C 43 9 Polio, Scoliosis SPC
22 10-9 Nephrosis C 44 9 cpP SPC
23 10-11 CP C 45 9

Cybernetics Research Institute



Subject CA Subject  CA

Number (yrs-mos) Diagnosis Study | Number (yrs-mos) Diagnosis Study
46 9 78 10-5 C
47 Adult  Deaf SPC 79 7-6 C
48 Adult  Deaf SPC 80 10-7 C
49 16 81 9-0 C
50 10 CP, Sp.astic., SPC 82 5-11 C

Quadriplegic 83 107 C
51 11 Rubella SPC 84 iy c
52 15 Retrolental Fibroplasia SPC
53 16 Retrolental Fibroplasia SPC 85 10-8 ¢
54 16 Retrolental Fibroplasia SPC 86 102 ¢
55 14 SLD (Specific Learning L 87 105 ¢
Disorders) 88 1210 C

56 8 CP L 89 10-1 C
57 11 SLD L 90 7-8 C
58 8 SLD L 91 9-10 C
59 10 CP L 92 10-0 C
60 14 F 93 10-2 C
61 6 Congenitally Deaf L 94 9-9 ¢
62 8 SLD L 95 13 c
63 1 SLD L 96 1211 c
64 63  (See footnote 1.) C 7 1-9 C
65 7.0 C 98 6-8 C
66 97 C 99 7-2 C
67 10-0 C 100 16 Congenital Glaucoma SPC
68 7-5 C 101 Adult Blind Amputee SPC
69 7.3 C 102 14 CP SPC
70 10-8 C 103 Adult Totally Paralyzed SPC
71 10-0 C 104 10 Ig;:;}r;l::(l: t?:;ebral G
72 >10 ¢ 105 12 Torticollis G
& 10-8 C 106 10 (See footnote 2.) G
74 12-6 C 107 1 G
s 73 ¢ 108 13 G
76 1o-4 ¢ 109 14 G
7 57 ¢ 110 14 G

1Subjects 64-99 used in the Comparison Study are nonhandicapped.

2Subjects 106-114 used in Group Instructional Procedures are

nonhandicapped.
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Subject CA Subject CA
Number (yrs-mos) Diagnosis Study | Number (yrs-mos) Diagnosis Study
111 19 G 125 13 Arthrogryposis w
112 8 G multiplex congenita
126 11 CP, Spastic Paraplegic W
13 14 G Flexion contractures
114 6 G of hips and knees
* 127 12 CP, Athetoid w
122 12 cp W Quadriplegic
123 14 CP, Rigidity W 128 8 CP, Spastic legs w
124 19 CP, Spastic w 129 7 Osteogenesis Imperfecta W
Ataxic Quadriplegic (weighs 23 1bs.)

*(Subjects 115 through 121 are in current studies not included in this
report.)
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Appendix C

Studies at C/R/l involving
bilateralinput systems require
that subjects be taught ap-

propriate keying codes and opera-
tion of the interfaces in com-
municating. This teaching is ac-
complished with a variety of
instructional materials.

Needs of individual subjects and
teaching styles of C/R/l instruc-
tors vary. Some instructors
emphasize teaching aids to clarify
and reinforce learning; others
emphasize techniques of manip-
ulating equipment and copy
materials to accomplish the same
end. While in a closely controlled
research study, an attempt may be
made to standardize materials
andfor techniques, there are
many ways to assist the handi-
capped child in the creative pur-
suit of learning. If one of the goals
is to facilitate communication
through use of man-machine sys-
tems, then the teaching goal is not
only keyboard mastery, but also
integration of the use of these
devices into the school curricula in
full functioning with the child’s
other academic skills.

The following are techniques
and materials that have been
developed by the C/R/I staff to
facilitate attainment of these
goals. They suggest new ideas for
creative teachers. The flexibility
and usefulness of communicating
with bilateral-input interfaces
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encourages creative innovation of
both techniques and materials to
enhance the learning process.

SPEED DRILLS:

A number of techniques have

been helpful in developing speed
and accuracy. These are con-
centrated exercises on digraphs,
common letter combinations,
clusters of similar words, thyming
words for repetition of endings,
words with double letters and
words with common-key letter
sequence for developing speed.
Common-key letters are those
pairs or sequences of letters that
require changing keys with only
one hand on the bilateral-input
interface.
" Some of these techniques are
designed to clarify the physical act
of key depression, and some are
designed to clarify the code sys-
tem to make learning of fingering
positions quicker.

POEMS AND GAMES

Such materials often have con-
siderable repetition within their
structure which is helpful for exer-
cise, but there is also a rhythmic
organjzation tothe word flow
which helps to modulate the
typing. The children were especi-
ally delighted with funny poems,
‘autograph-book’ jingles, and
games.

INSTRUCTIONAL MATERIALS
AND TECHNIQUES

SCRAMBLED LETTERS AND
SENTENCES

Letter cards and word cards
were used to construct words and
sentences. The children parti-
cularly enjoyed seeing how many
words they could form from a
single base word. For example,
“ear” can become “hear,” “fear,”
or “tear.”

SONGS

Songs were used to organize
code information for children
with hearing. These songs, which
provided the sequence assigned to
letters in the code, were helpful in
the same way that the “Alphabet

Song” organized the alphabet
sequence.
ORIGINAL COMPOSITION

It was observed that some
children composed stories and
typed them directly 'while other
children could not. Those children
who could not, required assistance
from the teacher to record their
story and feed it back to them in a
manner that facilitated their
writing.

The role of the teacher in. the
production of original work can
be vital. What appears on the
child’s paper can be the work of
the child, but the instructor can
support this work in several ways.
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Sometimes the teacher simply re-
cords, completely and accurately,
the words as the child says them.
At times the teacher helps the
child start the composition by
suggesting topics or even be-
ginninga sentence. The teacher
helps maintain the narrative flow
by supplying missing or cue
words.

Letter writing is another facet
of original composition which has
been used in this program.

CLASSROOM PAPERS AND
ASSIGNMENTS

Often these papers are in a
format for handwriting and special
techniques are needed to convert
them to typewritten form. Assign-
ments to prepare compositions are
difficult to complete in half-hour
instructional periods unless the
compositions are short or the
student can continue the work on
the assignment from session to
session. The duration of teaching
sessions is being extended.

USE OF ASSOCIATIONS

This involves teaching the code
through the use of associations
with characters in “Cyber-Circus”;
e.g., ETA, ONI: Eva, Tom and
Ann went to the circus; Eva took

Oatmeal cookies, Tom took Nuts,

and Ann had Ice cream. The
“Cyber-Circus Story,” (Kafafian,
1968) developed by Mrs. Anna
Mae Gallagher at C/R/I in 1967, is
comparable to “Keyboard Town,”
a story of associations for the
49-key typewriter, also developed
by Mrs. Gallagher (1965). In some
studies, these stories were used to
provide associations as an instruc-
tional method; in other studies,
reference to these stories was
made only to help a chid
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remember what he had learned
already.

BACKGROUND MUSIC

In our work, some students
increased typing speed and volume
of output when any kind of music
was played. Others were selective
about the kind of music that was
presented and still others could
not tolerate music at all.

MULTIPLE INTERFACE HOOK-
UPS (INPUT)

The “Cybertype” permits the
use of many keyboards on one
typewriter. Since the interfaces
attach to the typewriter via a
cable and connector through a
junction box which has multiple
plugs, it is possible to have several
interfaces connected to the same
typewriter. A master switch is
provided on interfaces for control
by the teacher. This allows for
alternation between teacher and
student or between students. It
was found that the speed of some
slow students could be improved
by having the teacher or another
student type along with the slow

student, alternating words or
letters.
DUAL DISPLAYS (OUTPUT)

For reinforcement, a lamp dis-
play provides visual feedback
augmenting the child’s tactile and
kinesthetic feedback. It has been
found that the visual feedback is
unnecessary with the D.T. Watson
Home subjecis.

AUDITORY FEEDBACK

If visual feedback from typing
is not available to the student, the
teacher announces the letter as it
is typed by him.

LARGE TYPE FONT VISUAL
FEEDBACK

Type fonts normally available
on standard electric typewriters
are too small for the visually
impaired student. Some type-
writers allow a choice of type
style by changing the type
element. The Orator style of type
provides large letters, but the
available letter spacing of ten to
the inch produces a crowded text
when all capital letters are used.
The spacing rack (12 characters to
the inch) of one model typewriter
was modified by removing its
alternate teeth. This resulted in a
spacing of six characters to the
inch. A sample of the text pro-
duced is shown in figure 11
beneath the work before modifica-
tion.

GROUP INSTRUCTIONAL
PROCEDURES

A separate phase of the pro-
gram was conducted to develop
effective group procedures for
teaching handicapped and non-
handicapped children to com-
municate using the bilateral-input
interfaces. The results are reported
separately in Appendix F.

TYPING AND DEXTERITY
TESTS

As part of the Comparison
Study, C/R/I administered typing

_ tests to handicapped and non-

handicapped subjects in order to
compare performance on the
standard electric typewriter and
the dual-input keyboards. Each
subject was tested on either the
49key or the 14-key keyboard;
these performances were com-
pared. Separate comparisons were
made for the handicapped and for
the nonhandicapped groups. The
typing tests follow.

Cybemetics Research Institute



THE USE OF PROPERLY PROPORTIONED LARGE TYPE AND
APPROPRIATE SPACING FOR CHILDREN WHO ARE VISUALLY IMPAIRED
HELPS SOME OF THEM TO READ MORE EASILY., THIS TEXT IS
WRITTEN ON A TYPEWRITER WHOSE SPACING HAS NOT BEEN
MODIFIED., IT HAS 10 CHARACTERS PER INCH. NOTICE THE
DIFFERENCE IN LEGIBILITY OF THIS TYPING SAMPLE AND THE
ONE GIVEN BELOW.

THE USE OF LARGE TYPE WITH
CORRESPONDINGLY LARGE SPACING IS
BENEFICIAL TO INDIVIDUALS WITH
IMPAIRED VISION, THIS TEXT WAS
WRITTEN ON A TYPEWRITER WITH MODIFIED
SPACING RACK TO GIVE 6 CHARACTERS TO
THE INCH., MODIFICATION REQUIRED OF
THE TYPEWKITER IS MINIMAL AND EASILY
ACCOMPLISHED,

Figure 11. Comparison of Large Type with and without Increased Spacing

Q
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DUAL-INPUT INTERFACE TYPING TEST
for Handicapped Subjects
Comparison Study
(Group A)
1. TONI ATE AT NINE
1 ATE IN A NEAT TENT
NO ONE ATE AT NOON
AN ON NO NOT
I ATE AN ONION

2. SEE WAS AS SEED
ACASE
WE SAWDAD
ED WAS SAD

3. HATCALL LETHILL
HE SELLS HATS
ALICE ISLITTLE
HE LOST HIS CAT

4. MEN DID DOOR HAM
DAD CAME HOME
MOM MADE DINNER
LET ME SEE THE DOLL

5. FAT FUN BELL BAT
BIRDS ATE THE CRUMBS
IT IS FUN 70 DANCE
TURN IT OFF

6. POP PULL GUM GO
I DROPPED THE CUP
MOM TOLD ME TO GET UP
GOATS EAT GRASS

7. YELL WE YARD VEED
WILL YOU SIT DOWN
MARY WAS HAPPY
WE WILL TRY TO WIN

8. JELLY JAR JAM JOB
JUMP QUIET VERY JOY
THE QUEEN WAS VERY PRETTY
JILL DROPPED THE VASE
SHE SAID TO BE QUIET

DUAL-INPUT INTERFACE TYPING TEST
for Nonhandicapped Subjects
Comparison Study
(Group C)

1. NO ONE ATEIT.

RICE IS NICE.

HE SELLS HATS.

MOM MADE DINNER.

2. BAT THE FAT FLIES.
GREGG GOT UP.
BOB DROPPED THE CUP.
WE WILL TRY TO WIN.

3. DOES KIM HAVE A JAR OF JAM.
THE QUEEN WORE VELVET.
SEE THE LAZY DOG SNEEZE.
MR. CURT FIXED MY BIKE.

4. JUDY QUIT JUMPING.
JILL HAS A VERY QUIET VOICE.
THE MONKEY KICKED THE ZEBRA.
THE FOX WAS NOT IN A BOX.

STANDARD ELECTRIC TYPING TEST
for Handicapped Subjects
Comparison Study
(Group B)

1. AS WASED AXE
DEED ADD SAD
DAD SAW A SEED
WE SEE SEAWEEDS

2. SEE WAS AS SEED
A CASE
WE SAWDAD
ED WAS SAD

3. TAG BED GRASS SAVE
TED RACED FAST
GET DAD A BAG
ED SAVED A CAT

4. MANY JAR NURSE THEY
DADDY SAYS WE CAN
FRED ATE THE JAM
JANE MET ANN BY THE GATE

§. INK KING KISS KICK
MIKE FLIES A KITE
KIM RIDES A BIKE

6. OIL COLOR OLD ONLY
YOU LOOX COLD
SALLY WANTS A COLT
SOL SOLD A CLOCK

7. HOP SKIP JUMP PAW
WAS PEPE HAPPY
WILL YOU PAY A PENNY
DID YOU LIKE THE PARTY

Final Test: (Groups B and D)

NEXT MONTH IS FEBRUARY
WILL YOU BE MY VALENTINE

STANDARD ELECTRIC TYPING TEST
for Nonhandicapped Subjects
Comparison Study
(Group D)

1. DAD SAW A SEED.
GET FRED A RED RACER.
TED GAVE REX A BAG.
A BEAREATS ATACAVE.

2. THE NURSE FED MEG JAM.
HAND MARY A JUG.
HARVEY NEVER CAME.
JUDY MET ANN BY THE GATE.

3. MIKE KICKED A BLUE BALL.
THE QUEEN WORE VELVET.
SEE THE LAZY DOG SNEEZE.
CAROL, THERE IS YOUR DOLL.

4. JUDY QUIT JUMPING.
JILL HAS A VERY QUIET VOICE.
THE MONKEY KICKED THE ZEBRA.
THE FOX WAS NOT IN A BOX.

CyL.rnetics Research L:stitute



All subjects were also given a finger dexterity
test. Recently a new tapping test of finger dex-
terity has been developed by C/R/I. It was put into
use in January 1970. Both of these dexterity tests
follow in the text.

DEXTERITY TEST

This initial test of finger dexterity, developed at
C/R/l in 1969, was part of the battery of tests
given to subjects in studies descrided in this report.
The test provided an objective measure of hand
and finger dexterity in relation to typing potential,
in terms of the speed and accuracy with which
handicapped and nonhandicapped subjects could
strike the keys of a standard electric typewriter.

DEXTERITY TEST*
(To be given on standard
electric typewriter)

§. SEQUENTIAL ORDER TEST
Left Hand Test:
Cover all keysexcept F, D, S, A.
Keys to be hit in order, right to left beginning with
index finger:
index = F; middle = D; ring = S; little = A.
Demonstrate hitting all keys in order.
Directions to child: “Do this as quickly as you can.”
Time:

Right Hand Test:

Cover all keys except J,K, L, “; ™
Keys to be hit in order, left to right beginning with
index finger:

index = J; middle = K; ring = L; little = *;”
Directions to child: “Do this as quickly as you can.”
Time:

Directions tc teacher: If subject is not able to use
individual fingers, note which fingers
used and any problems.

Teacher’s Notes:
*Form No. 107 (June 1969)

Il. CONSECUTIVE KEY DEPRESSION TEST

Do not cover keys.

Demonstrate with same placement of fingers as in test I,
hitting each key five times consecutively. Point to key; say
name of letter. Direct child to hit five times as quickly as
possible. Count for child as he depresses keys.

Time: If task is completed in 5 seconds per key, check for
those passed. If subject is very slow and time exceeds
5 seconds, note time task required and reasons for
slowness.

Q
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Left Hand Test:
index =

middle =

ring =

little =

Right Hand Test:
index =

middle =

ring =

little =

II. DIGITAL AIMING ABILITY TEST

Cover right side of typewriter (beginning with Y,H,N).
Direct child to hit key named, using designated finger. Do
not place fingers on keys; child should find and depress
keys from starting point, hands in lap or on table; return to
start position after key depressed. Teacher should point to
key, say letter, and designate finger to be used.

Time: Same as Test II. Check if passed, if missed; note

letter struck and why designated letter was missed.

Left Hand Test:
index =

rpiddle =

ring =

little=

Right Hand Test:
index =

middle =

ring =

little =
Teacher’s Notes:

DEXTERITY TEST — SCORING KEY
I. SEQUENTIAL ORDER TEST — POSSIBLE SCORE 20

2T

b L

TRCW OXO-

Left Hand Test:
No.of Seconds  Score
11+ 0
10 1
9 2
8 3
7 4
6 5
5 6
4 7
3 8
2 9
1 10
Right Hand Test:
(Same as Left, above)

1. CONSECUTIVE KEY DEPRESSION TEST - POS-
SIBLE SCORE 8
One point for each check

. DIGITAL AIMING ABILITY TEST - POSSIBLE
SCORE 8

One point for each perfect response

TOTAL POSSIBLE SCORE 36
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DEXTERITY TEST

This test developed at C/R/I was adapted from
“The Tapping Test”” by John C. Flanagan, 1959
(Psychometric Techniques Associates, Pittsburgh,
Pennsylvania). It provides an objective measure of
dexterity for each finger, as an indicator of
potential for typewriting and other tasks requiring

finger manipulation, and was effective January
1970.

TAPPING TEST OF FINGER DEXTERITY
Instructions

Materizls needed for each test subject are:
1 test booklet
10 finger-tip pads
1 container of paint or ink
1 applicator or brush

The test of dexterity requires that an inked pad be
attached to the subject’s finger tip. Two types of exercises
are provided for each finger, both of which involve tapping
a single spot of ink or paint inside each of a series of circles
inscribed on the test page. In the first exercise, the subject
must tap a spot of ink or paint within each circle, working
across rows from left to right for a timed 15 second period.
In the second exercise, the subject taps a spot in only those
circles which do not contain an “X”, again working across
rows from left to right for a timed 15 second period.

Practice Sessions. Preceding the test series, the subject
should be given practice with each finger of each hand. The
first two pages of the test book!et are used for this purpose.
Begin with the circles on the first page. For this practice
session, do not use the fingertip pads. Tell the child:

“THIS IS AN EXERCISE TO SHOW HOW WELL YOU
CAN USE YOUR FINGERS. WE WILL START BY
GIVING YOU PRACTICE IN USING YOUR FINGERS.”

(Show child first page of test booklet.)

“HERE YOU SEE CIRCLES ARRANGED IN ROWS.
START WITH THIS FINGER (THUMB) OF YOUR
RIGHT HAND AND TAP ONCE INSIDE EACH CIRCLE
FROM LEFT TO RIGHT ACROSS EACH ROW.”———
(Demonstrate)}———*“I WILL TELL YOU WHEN TO
START AND WHEN TO STOP.”

Allow subject about 5-10 seconds with each finger for
these practice trials.

If the subject has full use of all fingers, begin with the
thumb and proceed to index, middle, ring, and little fingers
of the right, then the left hand. If the subject has no use
whatsoever of one or more fingers, make note of this and
omit these fingers in the test series.

After giving practice with both hands, turn to the second
page of the test booklet. Tell the child:

“THIS TIME I WANT YOU TO TAP ONLY THE
EMPTY CIRCLES. DO NOT TAP THE CIRCLES CON-
TAINING AN “X”. START WITH THIS FINGER
(THUMB) OF YOUR RIGHT HAND AND TAP INSIDE
EACH EMPTY CIRCLE UNTIL I TELL YOU TO STOP.”

Q

Allow subject about 5-10 seconds with each finger for
these practice trials.

On this practice page, omit finger(s) found to be
unusable during the preceding practice session. Otherwise,
proceed with each finger of right and left hands as before.

Test Sassion. There are twenty test pages, two for each
finger. Begin with the right hand, testing in the order
thumb, index finger, middle finger, ring finger, and little
finger; then test the left hand using the same finger order.
Omit any fingers found to be unusable during the practice
session.

Attach a finger-tip pad to the surface of the first finger
to be tested (usually the thumb) by peeling off the
protective backing to expose the adhesive side of the pad. If
the pad does not stick firmly to the skin, scrub the subject’s
finger with alcohol to remove skin oils, and dry thoroughly.
Attach a finger-pad to the skin surface near the finger tip.
Locate the pad in the most convenient and comfortable
position for each child. For the thumb, the child may find
it more comfortable if the pad is positioned on the outside
edge of the thumb. Tell the subject:

“IN A MOMENT, I WILL PUT INK (PAINT) ON THIS
FINGER PAD AND ASK YOU TO TAP A SPOT INSIDE
EACH CIRCLE ON THE PAGE. TRY TO TAP INSIDE
EACH CIRCLE WITH THE PAD, LIKE THIS."———
(Demonstrate by guiding child’s hand and
gg%er).———“NOW I WILL PUT INK (PAINT) ON THE

Apply ink or paint to the pad using a brush applicator.
The pad should be moist but not saturated, so that no
liquid will be squeezed onto the child’s finger during
testing. Tell the child:

“NOW I WANT YOU TO TAP A SPOT INSIDE EACH
CIRCLE. WORK FROM LEFT TO RIGHT ACROSS EACH
ROW. GO AS FAST AS YOU CAN, BUT TRY TO MAKE
EACH SPOT FALL INSIDE EACH CIRCLE. I WILL TELL
YOU WHEN TO START AND STOP.”

Using a stop watch, time the subject for exactly 15
seconds, then stop. Turn to the next page. Apply a little
fresh ink or paint to the pad if necessary. Tell the subject:

“THIS TIME, TRY TO TAP A SPOT INSIDE EACH
EMPTY CIRCLE. DO NOT TAP CIRCLES CONTAINING
AN ‘X°. I WILL TELL YOU WHEN TO START AND
STOP. IF YOU FINISH THE ROWS ON THE LEFT SIDE
OF THE PAGE, CONTINUE IMMEDIATELY TO THE
TOP ROW ON THE RIGHT SIDE OF THE PAGE AND
KEEP WORKING UNTIL I ASK YOU TO STOP.”

Again, time the subject for 15 seconds.

Remove the finger pad and discard it. Scrub with alcohol
the next finger to be tested, apply a new finger pad, and
proct(:led as before. Continue until all fingers have been
tested.

At the top of each test page, write in the spaces provided
the hand (right or left) and finger being tested. Write the
child’s name, the experimenter’s name, the date, and the
testing location in the spaces provided on the front page of
the test booklet. Also, record any comments about the test
procedure, fingers omitted from testing, procedural errors
or changes, etc., in the space provided for that purpose.

Scoring. For each test page, count the number of circles
containing a spot and record that number in the space at
the top of the page. Do not count circles for which less
than half of the spot lies inside the circle.
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Appendivc D{CHILDREN’S HANDWRITING
AND TYPING SAMPLES

This Appendix contains several samples of handwriting and daily
typing papers taken from files at C/R/I for about 80 subjects in the
studies described in the C/R/I Second Report.

Typed samples of work (figures 12-20) in this Appendix were
produced on 14-key, bilateral-input interfaces. They have been included
to illustrate the effectiveness of these man-machine communications
systems in the education of the handicapped.

)
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(2)

(NOTE: Subject was asked to print his name - Greg - within this space)

o amtm exemp e o ssse

GREG JOHN

KIK IKIK,I KIK

I KI

IK, ILJ

KITE TAKE 7 KATE
KITTEM

T I ANM A KITTEMN

I CAN'T MAKE UP MUY MIND,

1+1=2 dc

O

Figure 15. Handwriting and Typing Samples — Subject No. 19

and Report, Volume 11, 1970
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Subject No. 29

.z
5%;¢zy 5%2;0¢2,4;,32;;24*”“¢9” Case Study

HANDWRITING SAMPLE

Subject No. 29
Case Study

STUDENT'S PAPER--5/18

VJq <z, xk4 CJ Jk XZkﬂZ&QZK!IW}X z DA e
SCWXV. |

€4

ne AT NCMT I3 3 FFEIZRUARY.
SCLL FaYCU ZE SY VALENTIIE,

e n T GCHTE 1S ol
X & i TS VINE I B N

Figure 16. Handwriting and Typing Samples — Subject No. 29
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BARTEY

THE K

[

N

6 MDOESN’T SAY PHLEASE OR THANK YoU

THE
Q
U
E
E
N

G
N
I
K
E
H
T
0
T
N
A
E
M
)
WA
E
H
S

Teacher's Note:
In this pajyer, a subject with little physical strength
used spacing as an expressive device to fulfill the
assisnment of writing a story entitled "The Funniest Thing".
In this way he was able to write a complete and expressive
story in only 3 sentences.

Figure 20. Creative Work — Subject No. 38
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Appendiv £ | CASE STUDIES

Case studies including daily re-
ports, 1n extensive summary, and
progress charts and graphs have
been kept for about 80 subjects

involved in this phase of the study

at C/R/I. Two representative case
studies are shown; they include
summaries, progress charts (figures
21 and 23), handwriting samples,
and daily reports (figures 22 and
24) which illustrate the methods
and techniques used in teaching
children of different ages, in
adapting to varying handicaps, in
evaluating performance, and in re-
porting data. For convenience, the
graph (figure 25) at the end of this
appendix combines data from
both case studies.

Case Study: Subject No. 29

Subject No. 29 is an 1 1-year-old
boy confined to a wheelchair with
muscular dystrophy; most of his
weakness is in his lower extremi-
ties. According to the occupa-
tional therapist, he has good dex-
terity with full use of all his
fingers, and p!-sical difficulties in
typing would be more a matter of
arm and finger weakness than of
lack of coordination. A recent test
score indicated that he was read-
ing at his school grade level. His
handwriting is labored (see Appen-
dix D).

During the initial session, the
subject appeared to be motivated,
interested, and eager to use the
dual-input interface as a communi-
cations tool. He rapidly learned
the transfer code for seven letters
and the following typewriter func-

Q
<l: MC ond Report, Yolume II, 1970

IToxt Provided by ERI

tions: carriage return, space, and
period. By the end of the first

lesson he was able to iype his
name. The teacher noted that he
preferred to work with the key-
board on his lap rather rather than
on u table. The typewriter was on
a typing table which was placed in
front of him, but he seemed to
have difficulty seeing what he had
typed. He also showed a prefer-
ence for using only his index
fingers, even though he had use of
all of his fingers. (This is not
uncommon for beginners.) The
instructor advised him that,
though it initially might seem
easier and faster to type using
only his index fingers, he would
be able to touch type using the
thumb and the second, third, and
fourth fingers of each of his hands
and surpass the speed he would
achieve using only his index fin-
gers.

From the initial session, it ap-
peared that the bilateral-input in-
terface would be useful for this
child. The portable, small-area
keyboard with just seven keys on
each side would be of particular
importance considering his arm
and finger weakness. Less naviga-
tion and movement would be re-
quired. The fact that he could use
the keyboard on his lap also elimi-
nated the necessity of having to
raise his arms and extend them as
would be necessary when using a
standard electric typewriter key-
board. After the first session, ijt
appeared that the child would be
able to master the transfer code
quickly and with very little diffi-

culty. For him, speed did not
seem to be an important factor.
What this subject needed was a
communications device that could
be used with the least amount of
energy possible. Due to the effort
required to correct errors, em-
phasis was placed on accuracy ¢
opposed to speed.

At the outset of the second
session, ine subject displayed
rapid and accurate recall of the
first seven letters. He had been
taught these code positions with
reference only to spatial positions;
and since he evidenced no diffi-
culty in recall, it was decided to
teach him the remainder of the
code in the same manner.

A “split” keyboard was tried
with the subject at the second
training session. A seven-key sec-
tion of the keyboard was placed
adjacent to each of his knees. The
light touch of the keys and the
fact that he did not have to raise
his arms clearly made it easier for
him to operate the keys. Should
this subject become progressively
weaker, the split keyboard with its
light touch keys will be all the
more necessary.

The subject continued to show
rapid progress in learning the
code. By the end of the fifth
lesson, he had mastered 32 charac-
ters and functions and had devel-
oped sufficient skill in using the
“Cybertype” to be able to type an
English assignment on pronouns
during the sixth lesson.

From this point on, most of the
lessons were devoted to complet-
ing English assignments on the
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bilateral-input interface. The sub- TABLE IX
ject “Cybertyped” his name, the
date, and the title of the assign- Test Results-Subject No. 29 Case Study
ment at the top of the paper and Given in Characters Duration
numbered each sentence he typed. | Test No. Lesson No. Functions Errors  of Test (min.)
In most instances, he corrected his ) 13 P 5 230
errors with typing correction tape. 5 13 52 0 2'
This correcting served two pur- 3 4 s s 3
poses: (a) it reinforced his mem- 4 14 59 4 3
ory of the location of the correct 5 15 67 4 3
key, and (b) it allowed him to 6 15 81 3 3
produce neat, readable copy. 7 16 59 ¢ 3
Often his teacher inserted the cor- 8 18 20 ; 3:20
rection tape while the subject 9 19 26 3 3'
back-spaced, typed over the error, .
Final Test 20 73 7 3

and then typed the proper letter. Retest (Final) 20 7 3 3

By the end of the ninth lesson,
the subject had mastered 41 func-
tions, and it was obvious that he TABLE X
was capable of using the bilateral- Rate of Introduction to Cybercode.,,, —Subject No. 29
input interface independertly in
the classroom. Characters/Functions Number

After mastering the transfer Lesson No. Introduced Learned
code, the subject was assigned a 1 E,T,A,ON|, space,R, carriage 10
set of practice sentences and com- return, period
mon endings. Some time was 2 S,C 12
spent during each lesson showing
him how many of the common 3 H,L,DM.2,3.4,5.6,7.8.9.0 25
digraphs and syllables could be 4 - 25
typed by keeping one key de- 5 UFBPGYW 32
pressed, thus requiring less hand 6 v 33
movement. The purpose of this
was not necessarily to develop 7 comma, back space 35
speed, but rather to conserve as 8 K, quotation mark, question mark, 40
much of this child’s energy as upper shift, lower shift
possible. 9 X 41

Since speed was not considered 10 . 41
to be an important factor, the
subject was not given any timed 1 i 41
tests until the 13th session. He 12 Z 42
was then given the series of timed 13 . 42
tests used for the Compasison 14 10 a“
Study to demonstrate his progress ’
to him and to determine whicn 15 - 44
key combinations were difficult 16 - 44
for him to remember. The instruc- 17 apostrophe 45
tor noticed that he seemed to have o . . . .
most difficulty with the place- [Nofe: At 1he beginning of each session all previously introduced items were
ment of his left hand. Analysis of reviewed |
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the tests indicated that this diffi-
culty with left-hand placement
was indeed the major cause for his
errors. Table IX shows typing per-
formance and errors made on the
timed typing tests.

SUMMARY

Subject No. 29 received a total
of 17 lessons and mastered 45

)
E l{lC +cond Report, Volume II, 1970

IText Provided by ERIC

functions (see Table X). Emphasis
was placed on accuracy and lim-
ited finger mevement, not speed.
On the final typing test, he typed
73 functions in 3 minutes with
three errors. He mastered the
transfer code and the bilateral-
input interface to the extent that
he was able to use the “Cyber-
type” irdependently within his
classroom.

The split keyboard should be
more particularly adapted to meet
his specific needs either by attach-
ing it directly to a wheelchair that
does not have armrests or by
developing an adjustable cut-out
table with slots on both sides of
the cut-out for the split interface.
This would enable the subject to
type with his arms resting on the
table.
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NAME Subject No. 29 English assignment., Every

TEACHER__Nikkel time I have gone to get the
DATE 5/18 SESSION #__20 machine from the child's
TOTAL TIME 30 . room he has been using it.

TOTAL TIME ON MACHINE 25 Very excited about having it

two days a week instead of

NEW SYMBOLS —-
INTRODUCED one. A child in Project Dual

SYMBOLS REVIEWED_ALL in this boy's room. The other

told now that study is over he

TOTAL NUMBER OF
FUNCTIONS TAUGHT

can use the machine when this

TIMED SAMPLE subject isn't. Excited about
2 - Final Test

DATE 3/18 TOTAL FUNCTIONS__73

being able to use it but

doesn't think he'll get to use
TOTAL ERRORS 7 TIME_3

it too much since this

v L H v R H child is always using it.
B-F O-T Left supply of carbon paper.
DL-F W=X
0-1 Asked child to make carbon of
P-Y
C-Y anything he does on the

NOTES _#2 of test. 73 functions, nCybertype."

3 minutes. 3 errors. (w-x, s, e-r)

Reviewed keys, Typed final test twice.

The subject didn't think he'd done his

best_the first time, Got written sam-

ple. Rest of class uzed for typing
108/7-9

Figure 22. Daily Report Form: Final Test — Subject No. 29

7'® {,c~zond Report, Volume II, 1970
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Case Study: Subject No. 30

Subject No. 30 is a 7-year-old
girl with cerebral palsy. According
to her school file description, she
has some visual impairment, dif-
ficulty in scanning, and difficulty
in perceiving form and position in
space. She has a moderate hearing
loss and a speech problem. She
scored 99 on her last IQ test.

During the initial lesson, it was
observed that she was unable to
hold her finger on any specific key
without depressing many other
keys. She originally typed only
with her index fingers, but even-
tually began using her thumbs.
She was easily distracted and con-
fused. This child should have been
instructed in a small private room
instead of in an open hallway with
a good deal of traffic and con-
fusion (the only space available at
the school).

At the outset of the program,
the subject was unable to cor-
rectly identify seven consonants
and evidenced a great deal of
difficulty focusing on a letter or
on word cards. She did not seem
to hear much of what was said to
her, even when directly facing the
speaker; often she seemed lost in a
world of her own.

For this subject the purposes of
instruction were to help her learn
to concentrate, develop skill in
identifying letters, master the
code, and use these skills in build-
ing a sight vocabulary. (When first
tested on the Spache Word List
the subject could not read a single
word.)

The subject worked with a
large-type ““Cybertype,” the alpha-
numeric lamp display, and a
14-key interface. Several versions
of the interfaces were tried. A

TABLE XI

Rate of Introduction to “Cybercode”—Subject No. 30

Characters/Functions Number
Lesson No. Introduced Learned
1 E,T,A,O,N,], space, 8
carriage return

2

3

4 R

5 S,C, 11

6 D 12

7 12

8 - 12

9 H,LM 15
10 15
11 15
12 15
13 - 15
14 - 15
15 15
16 UJF,B 18
17 - 18
18 P.G,Y WX 23

(Note: At the beginning of each session all previously introduced items were reviewed.]

TABLE Xl

Test Results—Subject No. 30

Character/ Duration
Test No. Functions Errors of Test (min.)
1 36 7 4:15
2 44 3
3 45 11 2:55
4 45 9 3
5 30 7 3
6 40 4 3
Final Test*
AM Final 34 5 3
PM Final 32 2 3

*Given twice on the same dzy
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keyboard with large, widely-
spaced, rubber-tipped keys, ini-
tially designed for use by a
bilateral amputee, was found most
satisfactory. After trying various
placements of the lamp display
and the material the subject was
copying, it was found that the
subject worked most effectively
when the lamp display was placed
directly in front of her and the
cards from which she was working
were held at an angle on the desk
directly below the lamp display.

The first six letters of the code
were taught through association
with the “Cyber-Circus” teaching
aid. Once the subject had pro-
gressed to the “R Tent,” the
circus character associations did
not seem to hold her interest. The
subject was unable to grasp the
order of the characters and their
spatial location. Also, some of the
associations in the story confused
her; e.g., she kept insisting that
the “colt” was not a colt but a
“horsey.”

As the subject fearned the loca-
tion of a letter she was given a

Q
(£ R Crond Report, Volume 11, 1970
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small card with the letter printed
on it. The lessons began with the
instructor selecting a letter from
the pile, naming it, and asking the
subject to type a row of that
letter. This procedure was later
changed so that the subject se-
lected, named, and typed the
letter. Once she had mastered
enough letters they were com-
bined into words selected from
the Dolch Basic Word List. These
words were then used in sen-
tences.

The Subject’s performance was
at times erratic. She was always
detighted to come to the lesson,
but her attention, concentration,
and retention were highly un-
predictable. In one lesson she
would take the entire period to
type her name correctly three
times; in another lesson she might
have ~omplete recall of the code
and type with enthusiasm and
accuracy. This specific learning
problem could not go unheeded;
no machine, no matter how good,
vould be of any value without a
teacher with an understanding of

her student and of measures to be
taken to help correct his pro-
blems. About mid-way through
this program, cookies were intro-
duced as an incentive, and a
marked improvement was noted in
the subject’s attention and per-
formance.

As the subject progressed to
typing words, phrases, and sen-
tences the lamp display was re-
moved. At this stage of the in-
struction the display seemed to be
more a distraction than an aid.

In the course of her total of 18
lessons, the subjcct learned the
keying positions of 23 characters
and functions. By the end of the
program, at the close of the school
year, she had gained a great deal
of confidence and enthusiasm and
was progressing much more
rapidly than she had at the outset
of the program. Table XI indicates
the rate at which the letters were
introduced. The subject pro-
gressed to the point where she
neither required nor wanted cuing
assistance from the instructor.
Results of timed tests are shown
in Table XII.
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NAME Subject #30

TEACHER Nikkel 2) Another child was leaving

on Frilday and I gave her

DATE _3/1° SESSION #_18
this subject's period. Child
TOTAL TIME 30 _min, (15s.m,~=15p,m.)

is very playful--not at all

10 . [ St 3 'Y
TOTAL TIME ON MACHINE __10a.m.~-10p.m in the mood to type. Typing

:“NE'IWR()SJETCBE%LS PG - WY - part of the time with her

thumbs., On the test told
SYMBOLS REVIEWED

her only "x" Wicnl = will

ESLAC#I%%QB&% C?F':T 23 Hit carriage return by

mistake so __1_]_. on next line,

TIMED SAMPLE
FIMaI test — oo

== twice a.m. & p.m, Trouble remembering

DATE/L?_TOTAL FUNCTIONS_3% tents. Kept hitting U for

TOTAL ERRORS _ 5 TIME _3_min, R. P.M. gave test again:
L R 32 functions 3 minutes
v H v H 2 errors

W-M CR

P-H

C~-L
N--L Writing sample: Got to

"Will" in 3 minutes
NOTES 1t was a rainv dav_and the

child was very distracted--took

her the first period in the morning

and again in the afternoon. She had

missed 2 sessions in a row. 1)

attended a field trip.
103/ 7-9

Figure 24. Daily Report Form: Final Test — Subject No. 30

O scond Report, Volume II, 1970




90 1 T

SUBJECT NUMBER
\ 29
80 30 —————

N~

70
60 V/
TESTED FUNCTIONS
50
0
5 L
= r ~.
- ' \\
=40 ] 3
- : '
w ] |
o ’ I
a 30 H— f
o ]
>
- /
2 I
520 i
-
(&)
2
e \
[T lo ,‘k -~
o ERRORS / e |
.‘5 ~—Xo/ |
s =~
2 0 A

o) 5 0 15 20 25 30 35
NUMBER OF FUNCTIONS TESTED

Fignre 25. Graph of Characters/Functions and Errors Produce 4 by Subjects 29 and 30

Q Cybemnetics Research Institute




Appendix 7

This Appendix coverc the first
phase of an exploratory educa-
tional program concerned with
developing effective group pro-
cedures for teaching handicapped
and nonhandicapped children to
communicate using a dual-input
man-machine system. The in-
vestigators placed emphasis on
applying well-known teaching
techniques practiced in many
public and private schools to
group instruction with man-
machine systems. Objectives of
this phase of the program were:

1. to teach the entire English
alphabet and corresponding
code for bilateral-input
fingering in the fewest
possible training sessions;

2. to devise effective means of
group instruction, in-
cluding gimelike educa-
tional materials related to
the bilateral-input system;

3. to develop increased in-
terest in reading, and in
communicating through
man-machine systems;

4. to enrich the vocabulary of
the underachievers, im-
proving verbal com-
prehension and expression;
and

5. to develop
manual skills.

One underlying assumption of
this phase of the program was that

improved

Q
‘ond Report, Volume I, 1970
‘E MC (4] eport, Yo

IText Provided by ERIC

GROUP

dual-input typing and the con-
curreint bilateral motor responses
it requires would enhance the
child’s learning of verbal and
manuzl dexterity skills. This
assumption is not sysicmatically

INSTRUCTIONAL
PROCEDURES

studied in this first-phase program,
but stands as a hyrothesis for
future experimental validation.

A second assumption was that
the use of only one typewriter
with several remote keyboards

TABLE XIII
Characteristics of Subjects

105

106

107

112

Subject
Number Description
104 Male, age 10, IQ 80; minimal cerebral dysfunction with

The remaining six subjects were nonhandicapped and were evaluated
as possessing average to above-average intelligence, with ages ranging
from 6 to 19.

positive neurological myopia (enrolled in a special education
class).

Female, age 12, IQ 95; torticollis and other minimal spinal
deformity; elongated fingers; severe one-sidedness, with entire
body in swinging motion; trained for one year with
optometrist to develop skills for one eye—could not track or
follow an object moved about 6 inches from her eyes; worked
with student of Gesell Institute to improve muscle develop-
ment; in sixth grade because of size.

Mzle, age 10, IQ 101; enrolled in sixth grade, remedial reading
class; gradc norm 5.5, reading level 3.4; Iowa Basic Skills,
average 5.0.

Male, age 11, IQ 110;enrolled in sixth grade, remedial reading
class; grade riorm 5.5, reading level 4.7.

Male, age 8, IQ 93; enrolled in fourth grade, remedial reading
class.
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connected to it. would lend itself
particularly well to group instruc-
tion.

The bilateral-input system has
been demonstrated to be a
valuable educational tool for
many children who have severe
motor disabilities which preclude
their use of standard typewriters,
and may also prove to be bene-
ficial for children with specific
learning disabilities.

SUBJECTS:

Eleven children participate ! in
this phase of the study. They
included physically handicapped
and nonhandicapped children, and
children with specific learning dis-
abilities. Their IQs ranged from 80
to 123. Summary information
provided by parents and school
administrators for subjects having
physical or learning disorders is
given in Table XIII.

APPARATUS AND PROCEDURE:

The basic input mechanism of
the man-machine communications
system - was the interface, a
portable, bilateral-input keyboard,
which controlled a 49-key electric
typewriter. The interface consists
of two sets of seven kcys, one set
for each hand or part of the body
used to activate the keys. Each
character or function to be typed
requires a concurrent bilateral
response of two key depressions,
one from each set. (For a full
descrintion of the equipment, see
Interim Report, Kafafian, 1968.)

Subjects were intioduced to the
identity of their fingers by name
and to the fingering code by
demonstration and use of a visual
aid in. the form of a large chart

showing keying positions for each
character and function. Subjects
took turns using two remote key-
boards connected to one “Cyber-
type” unit through a junction
box. (More keybhoards could have
been connnected to the typewriter
since the junction box was
equipped with six connnections.)
The group received practice using
a variety of projects and games,
described herein, designed to
enhance learning of the transfer
code.

Imaginary 14-key keyboards
were also used for practice. The
children were asked to picture a
“phantom” keyboard in their
minds and to manipulate the ap-
propriate fingers for various char-
acters and functions. Tape re-
corded voice instructions and
musical accompaniment paced for
the beginner were prepared for use
in the training sessions. The latter
are currently being evaluated.

Since most of the subjects
ranged in age from 6 to 14,
instructions for use of the key-
board interfaces included such
iabels as ‘“Master Controls,”
“Space,” “Secret Agents,” etc., to
develop intrigue and maintain
motivation. A “play” or ‘“‘games”
concept was utilized in these in-
stances. The investigators felt that
terms related to outer space and
discussions of man-machine sys-
tems used in space zxploration
would be particularly attractive to
the children, since at the time of
this phase of the program, our
Nation was engaged in the Apollo
11 launching, man’s first moon
walk, and the successful return of
the three astronauts from outer
space.

One of the initial procedures
was to explain man-machine

relationships to the subjects, and
the extent to which machines help
us perform work efficiently.
Hence, in one training session,the
chilcren were encouraged to
describe the wusefulness of
machines, e.g. vacuum cleaners,
washing machines, electric saws,
automobiles, airplanes, and mete-
orological rockets. During these
discussions, the standard electric
typewriter with a 49-key key-
board and the dual-input “Cyber-
type” with one variety of inter-
face, a 14-key portable keyboard,
were introduced. The children
were taughr how to insert and
remove paper from the typewriter
(this particular machine was not
equipped with the automatic
paper feed) and were shown how
to operate the dual-input key-
board.

For many children, this was
their first experience in creating
printed words and typing sen-
tences. The teacher explained that
“Cybertype’” was a new invention
to help physically handicapped
children who could not operate a
standard 49-key typewriter key-
board. With “Cybertype” and its
reduced number of keys and
smaller keyboard, they would be
able to move their fingers about
the interface more easily and
would be able to communicate
through typing. These ideas were
reinforced by showing the subjects
photographs of physically handi-
capped children typing through
use of various “Cybertype”
portabie keyboards.

The subjects were also told that
using the new machine would help
them learn more about letters,
words, and sentences, and would
improve their ability to communi-
cate. The teachers explained the

Cybernetics Research Institute



importance of verbal and written
communications in expressing
ideas and describing things. It was
pointed out that many deaf child-
ren can be taught to understand
speech by “reading” a person’s
lips, and thkat many blind children
learn to read through their fingers
by touchking a punctographic or
tactile code known as braille. The
purpose of this didactic introduc-
tory information for the subjects
was to develop understanding of
the part words play in meaningful
expression and to explain some of
the modes of communicating,
such as audible speech, lip move-
ments, braille tactile dot charac-
ters, and printed words.

Through these introductory
comments, the teacher assured
herself that the children were well
motivated for learning before
proceeding with instruction.
Thereafter, the responses of the
subject were carefully observed.
As indicated herein, their re-
sponses were good.

The projects and games used by
the subjects in practicing fingering
codes include:

1. Window Shade Instruc-
tional Aid (plate 3): A large chart
of a l4-key keyboard, showing
seven blue keys on the left side
and seven red keys on the right
side, was made from a standard
window shade (3’ x 6°). The dual-
input fingering codes weic shown
by outline drawings of the dual
keying positions, below which
were printed the corresponding
characters and functions. When
the window shade was completely
pulled down, it displayed the
entire dual-input fingering code.
As each group of characters and
function was learned, the shade
could be partially rolled up,

Q
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Plate 3. Window Shade Instructional
Aid

thereby concealing that group
and showing only those characters
and functions to be learned. This
chart was used only for reference
until the fifth session with most
subjects, after which it was not
required.

2. Beanbag Game (plate 4): A
window shade was also used for a

Plate 4. Beanbag Game

game which consisted of large
squares arranged to represent the
14 keytops of the keyboard.
Seven squares on the left side of
the window shade were coloréd
blue and seven squares on the
right side were colored red. This
keyboard chart was rolled out on
the floor of the classroom for use
by the subjects. Two teams of
children were formed; a Blue
Team used a blue beanbag for the
left side, and a Red Team used a
red beanbag for the right side. One
child on the Blue Team would
throw his blue beanbag on one of
the squares on the left side of the
chart, after which his opponent on
the Red Team would throw his
red beanbag on a square on-the
right side of the chart and call out
the character or function rep-
resented by the “key” positions of
the red and blue beanbags. If
correct, the Red Team would
receive a point for that play. The
players would continue in turn
until one player of the Red Team
made a mistake or a time limit was
reached. Then the children would
switch sides and exchange bean-
bags. Variations of this game, in-
cluding a “Hop-Scotch” layout,
are being developed.

3. Button-Box Game - (plate
5): Coat buttons were glued to the
cover of a 6 x 8 x 1 inch box to
represent a dual-input, 14-key
keyboard. In the beginning, this
game was used to teach the letter
code; but as soon as a few letters
were learned, it became more
meaningful to spell out words.
The subject was instructed to
touch the richt and left side key
positions for the letters required
to spell a word, and subsequently
messages, without looking at the
“keyboard.” Childrenenjoyed com-
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Plate §.

Button Box Game

peting with each other to be the
first to announce the words being
formed by the player’s fingering
positions on the button keyboard.

The Button Box game con-
tained colored cardboard charts
showing the left and right groups
of seven keys. Each chart showed
which character or function would
be produced by each key in the
right group for a given key actua-
tion in the left group. Thus, there
were seven charts, one for each
“Master Control” key in the left
group. A composite or summary
chart was also provided, showing
the seven numbered keys in the
left group, each with a different
color, and s:1owing for each key in
the right group, the characters and
functions color coded to cor-
respond with the “Master Con-
trol” keys in the left group.

4., Overhead Projector Visuals
(plate 6): Transparencies were also
prepared for classroom instruc-
tion. For example, the plate shows
keys 1 through 7 on the right side
representing the letters
“P,S,H,D,C,L,M” when the
number 2 key on the left side is

ERIC
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Plate 6. Overhead Projector Visuals

depressed. Fingers were placed
over keying positions on the trans-
parencies and the entire display
was projected on a screen. A
complete set of transparencies was
developed and used with the scroll
story of “Secret Agent.”

5. Secret Agent 7 Scroll
Story (plate 7): This story in-
volved two characters, Secret

Agent 7 and Secret Agent 49, and
their efforts to uncover the
“secrets” of communicating with
the dual-input keyboard. As one

Plate 7. Secret Agent 7 Scroll Story

subject or the instructor read the
story aloud, another subject typed
words dictated from the story.
This was especially successful with
younger children (6-10 years).

6. Undercover Quiz Game
(plate 8): This game (like the
others, made from materials easily
available in the home or class-
room) cunsisted of a number of 4
X 6-inch index cards, with each
card containing written characters
or functions in positions cor-
responding to the seven keys in
the right group of the interface.
On the left side of each card, a
blue circle was drawn in the
“Master Control” key position
associated with the characters and
functions on the right side of the
card. The game involved use of a
master card with 14 window-flaps
cut out in positions corresponding
to key positions on the 14-key
interface. To play the game, the
child looked for the “Master Con-
trol” key hidden under one of the
seven windows on the left side,
and wrote on a score card the
letters which should be ‘“under
cover” in the windows on the
right side. After a child had five

Plate 8. Undercover Quiz Game
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turns with five cards, his scores
were recorded and the next player
took his turn. This game was
observed to be more intriguing for
the older children (10-19 years).

7. Letter-Tile Game (plate 9):
Wooden blocks inscribed with
characters and functions were
used to play the Letter-Tile Game.
Each of two players was allowed
to select seven blocks from a

mixed set thrown within reach of
the subjects on a table top. The
opponents raced to form a word
from their acquired set of blocks.
Then the players were required to

Plate 9. Letter-Tile Game

place each letter-tile from their
words in the appropriate finger
position of the right hand to
obtain that letter in typing on the
keyboard. The players were then
asked to write the number of the
left-hand master control key on a
chart next to the letter-tile. These
answers were subsequently tabu-
lated to obtain a score for each
player.

8. Pop-Up Flash Cards (plate
10): A reviewing device was con-
structed consisting of ten 4 x 6
inch index cards, each of which

)
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had 14 window-flaps arranged in
the positions of the keys on the
interface. For each card, one of
the window-flaps on the left side
(representing “Master Control”
keys) contained a blue circle to
indicate key actuation. Characters
or functions were written in red
ink on each of the flaps on the
right side of the card to cor-
respond with the ‘“Master Con-
trol” key indicated on the left
side. The window-flaps were cut
out along the two sides and the
top, with the uncut bottom edge
forming a “hinge’’ allowing each

P
b
DE
i
L

Plate 10. Pop-Up Flash Cards

window to be folded forward and
down against the surface of the
card. When each window was re-
leased, it would “pop up” ex-
posing the character, function or
marking on its surface. The game
was played by having a subject
fold down the flaps on one side of
the card, leaving the flaps on the
other side of the card exposed.
Another subject in the group
would then try to relate what was
inscribed on the folded flaps. For
example, the flaps on the right
side of the card could be turned

down by one subject and a second
subject would observe the indi-
cated “Master Control’’ key on
the left side, then relate the ap-
propriate character or function for
each key on the right side. As this
subject gave each response, the
first subject would release the
corresponding window flap,
allowing it to “pop up” and ex-
pose the correct response. Alterna-
tively, the seven flaps on the left
could be turned down, and a
subject would indicate which con-
trol key corresponded to the seven
characters or functions shown on
the right side window flaps. A
score was tabulated for each sub-
ject according to the number of
correct responses made.

9. Improvement of Finger—
Key Relationships: Since all sub-
jects in this group had good color
vision, different colors were used
to identify finger-keying positions.
Four colored, circular felt pads
were attached to the subject’s
fingernails (thumb and first three
fingers) of each hand and were
matched to the colored keys of
the keyboard. this appeared to be
useful for those subjects who were
uncoordinated or experienced dif-
ficulty identifying their fingers.

In addition to these games,
other motivation and learning aids
were employed, including: (1)
speed drills using rthythmic count-
ing; (2) singing and playing
melodies with piano accompani-
ment” to coincide with rhythm
drills; (3) dictation of sentences
leaving out words to be typed; (4)
mimeographed sheets for filling in
characters and functions learned;
(5) flash cards showing dual-input
keying positions for various char-
acters and functions; (6) fill-in
charts for children to indicate the
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keying positions; and (7) reading
charts for instruction in speech
sounds, word formation, word
endings, and vowel combinations.
Group instruction in this pro-
ject consisted of eight sessions
lasting ¥z to 1 hour. They included
the introduction to man-machine
systems as described earlier, fol-
lowed by practice and learning of
the fingering positions by direct
experience with the dual-input
system and participation in the
various games, projects, and
exercises. In the process of
learning the keying code, tue
children were provided with
exercises containing words ap-
propriate to their reading level.

RESULTS AND DISCUSSION

The investigators and observers
studied each child’s performance
during the teaching sessions and
recorded notes on attitude,
progress, and effectiveness in
written communications. Sum-
maries of some of these reports
and sample work sheets are pro-
vided in this Appendix. Observa-
tion of group performance on
these man-machine systems leads
to the following conclusions:

1. The dual-input code can be
taught to subjects .in a group
“environment with relatively few
training sessions using only one
“Cybertype” equipped with as
many interfaces as required,
usually not more than six. (The
limit depends on the teacher’s
requirements.)

2. Bilateral-input interfaces
can be used by individuals having
motor disabilities resulting in poor
coordination or dexterity. These
disabilities may impede finger
navigation and, hence, per-

LRIC
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formance on large 49-key key-
boards, but often allow operation
of the dual-input, 14-key inter-
face.

3. Acquisition of the
character/function keying code
provides experience in the forma-
tion of words and sentences.

The investigators believe this
experience will enhance the de-
velopment of skill in written com-
munications for many children
with or without motor and/or
learning disorders.

4. Instructional materials can
be economically constructed and
quickly prepared from household
items.

In addition, the following
observations and recommenda-
tions were derived from teachers’
reports: (1) a Socratic method of
instruction in a relaxed atmos
phere involving games and play
was found to be successful in
maintaining subject motivation
and in teaching the dual-input
code; (2) the initial use of visual
aids in the form of charts and
games facilitated learning of the
code and resulted in excitem. ‘% in
later training sessions, when chil-
dren discovered that theyv remem-
bered well enough from previous
practice sessions to type without
use of visual aids or the teacher’s
prompting; (3) although instruc-
tion was tailored by the teachers
to the capability level of each
subject, most of the children, re-
gardless of age or intelligence,
stopped using charts or other
visual aids after the third teaching
session and took pride in com-
municating with their classmates
and with their teachers; (4)
language arts should be empha-
sized from the earliest instruction,
with concentration on word and

sentence formation and the utility
of language in interpersonal com-
munication; (5) to enhance verbal
communicative ability, bilateral-
input exercises should be related
to children’s personal experiences
and reading comprehension level,
rather than relying exclusively on
rote letter drills; (6) since one
objective of the CYBERCOM con-
cept is to get the child to com-
municate, typing speed is not of
prime importance and should not
be stressed, especially when
working with children in the
earlier stages of learning; and (7)
the principal investigator ob-
served, not only in this, but in all
other exposures, that school-age
children often do not know the
named identity of their fingers.

SUBAPPENDIX 1 TO APPEN-
DIX F

I. Summaries of Performance
Reports for Selected Subjects

[NOTE: The following sum-
maries were selected from instruc-
tors’ reports prepared for each of
the eleven subjects in this study.
The subjects were selected for
description because the problems
they presented and the teaching
techniques used with them serve
to illustrate the training ex-
periences for other members of
the group, not delineated here,
who learned to use “Cybertype”
quickly and without noteworthy
difficulty in approximately 1 hour
of training and practice.]

1. Subject No. 104 (Male, age
10; below average intelligence;
myopic.) This subject’s first
response to the apparatus was
negative. After initial instruction
on a l4-key keyboard, in which
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time he learned the fingering posi-
tions for the alphabet, this sub-
ject’s attention was diverted to a
television set at the other end of
the room. He walked over, turned
it on, and watched the program
without interruption. After the
instructors had finished working
with another child, the first sub-
ject was asked if he wanted to
come back and play with the rest
of the children in the group. He
agreed and was asked to show
another child, who had not been
exposed to the remote keyboard,
how it worked. In spite of the
boy’s reluctance, the instructor
placed the keyboard in his lap and
persuaded him to demonstrate
typing to the other child. This
experience apparently reduced his
reluctance to handle the key-
board. After watching other chil-
dren using the keyboard and learn-
ing the code, he participated with
greater interest and proceeded to
type the entire alphabet, his name
and age, and his sister’s name and
age by the end of the first one-
hour training session. At the start
of the second session, his reluc-
tance had completely dissipated,
and he approached his assignment
enthusiastically. Keying Fill-In
Charts and Code Charts were used
to enhance his learning. Sub-
sequently, this subject was taught
the fingering positions for num-
bers and the “carriage-return” func-
tion and “upper shift/lower shift>’
functions. Dexterity and memory
of the code improved during the
second session, and his enthusiasm
did not diminish, but rather was
expanded through later training
sessions. The principal investiga-
tor, after observing this subject
with his teachers, attributes a
major portion of the subje:t’s

Q
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favorable change in behavior to
the enthusiasm of his teachers.

2. Subject No. 105 (Female,
age 12; sixth grade; severe emo-
tional and perceptual difficulties
including inability to visually pur-
sue moving objectives; enlarged
fingers; torticollis, and other
spinal deformities; poor coordina-
tion and dexterity; presently in
remedial reading class at school.)
This child was introduced to the
equipment and shown how to
make concurrent, bilateral re-
sponses with her fingers on the
interface. Fill-in Charts were used
to explain how different pairs of
keys would produce different
typed letters, symbols, and func-
tions. The six most frequent
letters, “E,T,A,O,N,I’, and the
“space” function were taught. The
subject proceeded to practice and
learn the additional letters nec-
essary to type her name, an ac-
complishment which thrilled her.
Fingering positions for numerals
were introduced, but testing at the
end of the session revealed poor
memory of these fingerings. How-
ever, the subject was eager to
continue, and took Fill-In Sheets
home to practice on before the
next training session. In sub-
sequent sessions, it was found that
she had great difficulty using cor-
rect fingering because of poor
motor coordination. Recall for
fingering positions did sub-
sequently improve, and practice
with words and sentences selected
from a fifth-grade level vocabulary
list produced marked improve-
ment in comprehension. Instruc-
tion in the formation of words
and sentences, and practice with
word games, produced further
improvement in verbal ability as
demonstrated by the increased di-

ficulty of words and sentences
successfully typed with a 14-key
keyboard.

3. Subject No. 106 (Male, age
10; normal intelligence.) This sub-
ject quickly learned the six most
frequently used letters of the
English alphabet, “E,T,A,O,N,I”,
and the typewriter “space” func-
tion. Thereafter, the teacher
taught the remaining letters using
a question and answer technique
with the subject’s hands placed on
a mock keyboard. She used an
experimental association story
dealing with “Master Controls.”

Question: ‘“Which hand con-
trols the master key?” Answer:
“Left.”

Question: ‘“How many Kkeys
does the right hand use with each
master control switch?”’ Answer:
“Seven.”

Question: ‘“How many func-
tions will be performed, or how
many things learned altogether,

with seven master controls?”
Answer: 49,
Question: ‘“Which finger does

the system code begin with?”
Answer: “Thumb.”
Question: ‘““Why?’
Answer: “It’s the nearest.”
Question: “If you invented
this machine would you start with
the two thumbs making a space
which separates words, and why?”

Answer: ‘“Spaces are important
to reading.”
Question: ‘“‘Now, using the left

thumb Master Control, how many
letters can the machine type?”
Answer: “Six.”

Question: “What are they?”
Answer: “E, T,A,O,N,L”

Question: “How come there
aren’t seven?” Answer: ‘“‘Because
the thumb was used for the
space.”
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Question: ‘“Which master con-
trol is next?”” Answer: “The left
index finger or finger number 2 on
the chart.”

Question: “Which right hand
key is placed first with the left
finger 27> Answer: ‘‘The
thumb.”

Question: ““What does it
+e?” Answer: “R.”

During the “Master Control”
game, practice sheets were
provided and dots were filled in to
answer the above questions.

The subject also received prac-
tice with other experimental in-
structional materials; e.g., the
“Secret Agent 7 story, the Pop-
Up Flash Cards, and the Button-
Box Games. Hz remained in-
terested and alert through all the
training sessions and by the final

session was able to type words
from lists of words based on his
reading level and sentence-
completion tests with ease and
few errors.

4. Subject No. 107 (Male, age
11; normal intelligence.) After in-
troduction to the system and four
training sessions, including games
and Fill-In Tests, the subject was
able to type simple words such as
“cat, ate,” ‘‘onion,” ‘‘ten,
“red,” “see,” “hose,” and ‘‘lane,”
without hesitation. The instructor
tried to improve the subject’s
verbal ability by prompting re-
sponses to such questions as the
following: (1) “Try to find this
word in the story;” (2) “Look
carefully at the shape of the word
and tell me what letters it con-
tains;” (3) “Think of words that
sound like that word;” (4) “You

" (13 " 9

know what vowels are, look at the
vowels — are they long, short, or
silent?”

Tape recorded instructions were
used which provided rhythm exer-
cises by typing letters to a
melody. Following such practice,
the subject was able to type such
sentences as: ““The children are at
school.” “Fred had a football.”
“It is a benefit affair.** “Brenda
read a forecuost.” By the last
session he was able to type all
letters of the alphabet quickly
when dictated by the instructor,
and, in fact, he composed a letter
to his friend.

II. Sample Fill-In and Practice
Sheets

The following (figures 26-28)
are samples of various fill-in and
practice sheets.
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Left-Hand Keys Right-Hand Keys
(Master Controls)

O O \E @ A
() 0 o O

@
(=)
(=)
=

C L M
R
® B B
() B G W
U
- \ J \K :
Q Z X
U
(J [ () J O
(J B D u.s. (g

U.S. = Upper Shift
L.S. = Lower Shift

Figure 26. Practice Keying Chart for Letters and Functions (solid area indicates keys used)
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Left-Hand Keys Right-Hand Keys
(Master Controls)

r .-
A 4

()

OINIO O e

0

L\
o

s
-

]
O Q|0

(J

()

Figure 27. Practice Keying Chart for Numbers (solid area indicates keys used)

ERIC

Cybemetics Research Institute




Left Hand Right Hand

Letter

000 00O
OO0 00O
O O

Left Hand Right Hand

Letter

OO0 OO0O0
OO0 OO0
O O

Letter

000 000
000 00O
O O

Letter

000 00O
000 00O
O O

Letter

OO0 OO0
OO0 OO0
O O

Letter

OO0 OO0O
OO0 00O
O O

Letter

000 000
000 00O
O O

Letter

000 00O

OO0 0OO0O
O O

Figure 28. Sample “Fill-In” Exercise Sheet

Q
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KEYBOARD

SUBJECT to learn whether or not it would
‘ v "' be easier and less tirzsome for this
5';"Subject No 103 isa 30- jear-old
emale quadrlpleglc w1th severe g
'ohomyehtxs and. resp1ratory in- ..
folvements Pr1nc1pa1 body move—’_l i DE CRIPT]ON OF EQUIP-
ments of mterest to the investiga- MEN’[ *
ors. ‘were" controlled motions of
he head' a_r_id.ftoh'gue and‘-.limited
,muscle functlon in; the fifth. dlglt
g her.. ngh 'ﬂhand _ Her perser-,_'.f,;
rance, along with good fraining - the  subject. to position her : elec-
y. ‘prev1ous tutors, resulted in. her:‘_"' _’i'trrcally‘ nowered ~ wheelchair
b111ty to__operate a: telephone‘ adjacent - to it -and -the “Cyber-
chboard . type” spht-keyboard
'_f._-.The latter consists .of ‘a mouth
: keyboard w1th eight double-throw
-.?'ii_' toggle swrtches ‘which ' make up
o one section of the mterface and a
“‘f?;‘ three-posltlon, ;
state-selector switch: which makes
-upithe other: portlon ‘of the dual-

ke'yboard.

A dual-mput typewnt the
“Cybertype ., was mounted on.a

ates .a éseparate_control switch on

de of her head to swmg
_ ~toggle .
1rec‘r1y 1n front of her

h ready for use. She

. subject to operate a dual-input

‘table ‘at a height which permitted

interface.

finger-controlled -

mput mterface “The: subJect acti- -

5. he state-selector sw1tch‘

d unction are’_'avall_able_wa-the ;

| F OR PARALYTIC SU BJECT

tongue-operated interface. Like-
wise, by deflecting the switch fur-
ther to its second step, siate C is
obtained, and 16 additional char-
acters and functions are available,

“making a total of 48. When the

finger-operated switch is released,
it automatically returns to the rest

position of state. A. Thus, the -

subject uses her. finger on the
state-selector switch only to

produce ‘states B and C. The

character/function keying code

‘(see figure 29) was assigned so

that state A provides the 16 most

- frequently used characters ~and

functions, or about 90 percent of

“standard” English in com-
municating: ’
3. SUBJECT’S

PROGRAM.

A practlce log sheet has been' ;
prepared so that instructors can’ -
keep a record of the time spent on .~
“practicing words and sentences.

_z,i. | FUTURE PLANS.

_ The subject w111 be tested to -
~determine not only typing speed -
* but the convenience of using the;‘f;ff
- - duakinput:

system A 16 mm
movie showing the:
operatmg the interface “will. be
made in order to observe mor

'closely the operatlon of the sys-“.?j}
(tem. .. : :

..\ Gybemetics Research Institute

TRAINING

subject .
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t,ronal 1nst1tutlons htre
tronal systems under study have
been - made -at: Frofesswnal con-

ferences, eg .CEC local ‘and na-

report follows

January 1969 meetlngr at” C/R/I

‘ One of the act1v1t1es at C/R/I_'
~has been ihe d1ssem1nat10n of in-
“formation related ‘to- this study.
‘-fHence members of ‘the research
- staff have’ acquamted visitors and
. 'members of other orgamzatrons to..
+.the programs ‘in C/R/I’s labo-

: ratories. Lectures by the principal
mvestlgator “and ' staff members.
have also taken place" at educa-- ..
_\,and\ :
abroad. Demonstratlon of educa—., :

zf1e1d

_Academy,
Fairfax County Board of Educa-
‘tion;: of Special
'Edfucatlon,
“ &chools,

tlonal meetmgs ‘A 11st1r1g of these:
actlvmes for | _the pL‘l‘lOd of th1s

Members of the Indoor Sports :
Club (a natlonal org(lnrzatlon for:

the phys1cally d1sabled) held the1ru,,,.

w re demonstratlons amd fllms of ~

0¢cui)at10nal 'physical‘ and
speech therapists .and educators
from Belle Willard School, Fair-

fax, Virginia; North Springfield

Pubhc Elementary School, Sprmg—
V1rg1n1a,
Springfield, Virginia;

* Department
Richmond. City

Prince

Palsy Center;

Crlppled Ctildren,
Pennsylvania;’ “Matheny . School,

Peapack, . New " Jersey; Home of
“the Merciful Savrour for Crippled-
" Children,
sylvanla Academy of Our Lady
- of ‘Mercy, Louisville, _Kentucky;'
-and: the Cerebral " Palsy School,’
-"Loursvrlle

Phi 1 ad elph1a Penn-

Kentucky,

-fcovermg the programs.

o " Blind;’

. The. Instltute had many other‘{_
RO _v1s1tors among them were' general'
and’ special educators scientists;
b 'and representatlves from ‘other . -
o orgamzatlons and agencies. Theseit
“visitors: ‘came from. the
""'""_House Perkms ‘School. ‘for the -
the Massachusetts .Com-
mlss1on for the . Bhnd the Alex-v
D= . ander Graham Bell Ass\xutttlon for
: the Deaf Councrl for l*\ ceptlonal :
; f;Chrldren, Pesldenual Treatment-
¢ - ‘Center-of Junior "'Vlllage .Ciy
©Bell.

Telephone B

Alccotmk‘

Richmond, Virginia;
Montgomery County - School.
System;  Montgomery County
, Cerebral
.. Georges County School System ,
'-f‘,Kendall School, Washmgton D.C.;

“the .D.T. Watson “Home for
Leetsdale,:

have - at-

tended: presentatrons at C/R/I; have _ visited;
“ i tions,

i stratlons

f’systems under study at the Inst1-‘

. “ute

- tors and_scientists’ from: Canada
'Europe, and' A51a Students an
“faculty’ - members - from. George:
. (Washington UnlverS1ty, Catholl 3

White

Laboratot es;’
e :;;Umted Cerebral Palsyf" National .-
v Offlce, Veterans Admmlstratlonf

‘ York Un1vers1ty, .

State Umvers1ty College at Buf-?

 Aondic H| DISSEMINATION.

D.C. and New York ‘Offices; l:d-,
ucation - Projects Department of-
the World Bank; P.O.S.M. Labora- -
tories. of Aylesbury,. Bucks ‘Eng-
land; Technion-Israel Institute of
Technology of ‘Haifa, Israel; the

- National Advisory Committee on
‘Dyslexia; the American Guidance .
Service of Circle Pines, Miunesota;

the Library of Congress; Walter
Reed Army . Medical Center;

_Georgetown University Hospital;
‘Children’s Hospital of the District
“of - Columbia; and Rancho Los . .
“*Amigos '
California.

Hospl_tal of Downey,y

Key representatlves trom the 3
Bureau of. Educatlon for: the

-’Handlcapped Office ' of: Educa-:

tion, U.S. Department of Health o
Education, ‘and Welfare; Natronal e
Institutes *‘of - Health; National
Labor Relatlons Board; Office of -

‘Naval Research; industrial organl-"f g
“zations; governmental committees; .

and congressional representatrves,] ;
_received . presenta-
“and observed demon-"
of the man-machm

: Other v131tors 1ncluded educa-"-: :

Unrver31ty, The Amerlcan Univei

eorgetown Umversrty,,
Umver51ty of Maryland Stanfor
Un1ver51ty, _rverS1ty of Lo,
v1lle Columbla' Un1vers1ty, New
Un1vers1ty of-
Unlversﬁy of ¥ Ilhn01

Georgla

nybemetzcs Resenrck i



:’,Umversnty, South- ]
' n}\yUmvers1ty, the UmverSIty

__‘v1[1e

Lo

] a. the 1nv1tatlon of Dr Edward J
. Arndt
‘Area IV Fdll’f’lx County; Vlrg,mn
L 7 Second ~Louisville -
ference on Rate and/or Frequencv
of: Controiled Speech, Lomsvﬂle
: S’xentucky, October 23,
~- the -invitation: “of . the Perceptual
v',.Alternatwes Laboratory, Umver- 2
) snty of Lomsvxlle
o 8. Perceptual
_“»Laboratory, Umverolty ot Louis-
v ‘Ke ntucky .

. "January 8,:1970, at the mwtatlonf _

D1rector of Instruotlon

g;Lomsvniie,

f Professor Emerson Foulke, :

2B Gevarter,

Con- :

Decem_ber :
1969, ‘at.

Alternatwes’} . PB,ESEN.TATIONS;‘

tlonal Cemer Umversnty of Texas"

‘»tnmber 16- 17 1968 a; the invi
tlon of Dr Wll}lam Wolfe and Dr
S Claude Marks, '

Chapter,. :j:,Of the IM C

"of"Washuwton Chapter of the_'
B ---Amencan Souety for Cybernetlcs o

: May 27,_ 1_969 at:the invitationof '

invi'ta‘tioh of . Mr. Robert fSei_t_z_er, -

_ Summer. School Principal, . L
~“14. . Council for Exceptional

(luldren Convention, Conference e
1. Barly Ch_lldhood_,Educatioh;s;"'

-10-13, 21969, "New "

Orleans; Louisiana. o

S Specmi Educatlon Instruc-"j o

at Austm Austm Texas, Sep

) 2'.



demonstrated, the different inter-
faces explained, and the teaching
‘methods described by members of
‘C/R/I’s teaching staff. Visiters
“included students, teachers,
~members of the special education
departments of the various col-
leges and universities, principals
and directors of rehabilitation
- .centers, educational consultants,
~ and a member of the Virginia
-~ Commission for the Visually
- Handicapped. They evidenced a
~ strong interest in the “Cybertype”
- and in the photographic display of
the Cyberbraillerry and the
Cyberglovery .
* ‘Many inquired about the
. availability of the mechanisn: and
~ the possibility of including par-
- ticular populations of subjiects
. ‘with whom they are working in
" the research projects being con-
- ducted at C/R/1.
LA number of .the visiters also
_j,'_‘:-requested copies of the ini:rim
" Report _ (Kafafian, 1968), and
- -asked that they be sent copies of
- any material developed by C/R/I
‘ descrlblng new developments and
.prOJects v
7+ Graduate students attending the
"»'f.-conference were quite interested

. "";.v'm the display and inquired about

R the possibility -that C/R/I staff
: ;‘;':“;.members demonstrate the equip-
fment to the1r departments

~ COLORADO:

fthree members . of the _teaching

staff attended the Inte rnatronal.
-CEC Conventlon at Denver, Aprll'

81_1 1969 The teachmg Staff

'drscuss10ns and exchanged mslghts

2. INTERNATIONAL CEC
'CONVENTION, DENVER,

The Presrdent of C/R/l and

ttended the formdl sessions . and_‘

and ideas with other professionals
in the fiefd concerned with similar
research.

Two members of the teaching
staff were on hand at all times to
handle the steady flow of visitors
to C/R/P’s display. The display
consisted of a slide presentation
showing a number of the children
who are presently using the sys-
tems under study at C/R/I. They
included six different styles of
interfaces developed for the chil-
dren, along with a visual lamp
display, and an electric brailler
which operates in parallel with a
standard electric typewriter.

Several hundred visitors stop-
ped to view the slides, see the
equipment being dernonstrated,
and -discuss the programs being
developed by C/R/I. These visitors
included students, professors, and
the' chairmen -of special education
departments of various universities
and colleges across the nation,
directors of state special education
departments, consultants. to state
special . educaticn . departments,
directors and teachers of both
private and public schools for the
physrcally handicapped, therapists
from chrldren s hospitals znd reha-
bilitation centers, d1rectors of re-
habilitation centers and directors
of county and statewxde programs
for the physrcally handrcapped

The visitors expressed interest
about the mechanisms 'being devel-
oped by C/R/I and their impact
upon_ the comm‘un‘icati'on pro-
blems of the physically handi-
capped as mdrcated by letters and
other subsequent mqurries More

than one hundred of these visitors
irequested copies of the Interim
-Report (Kafaﬁan
were advised thaf copies . of the,
“Interim Report - were available.

1968). They

Over 110 visitors also registered
their names and addresses with
C/R/I’s teaching staff, and asked
that any additional material de-
scribing the mechanisms and pro-
grams being developed by C/R/I
be sent to them.

Both instructors and students in
special education programs made
inquiries about the possibility of
obtaining copies of the slides
being shown, and some narrative
material for use in class presenta-
tions. They were told that the
Institute would send the necessary
material to them on a loan basis
and that they should write di-
rectly to the Institute to make the
necessary arrangements.

The NBC film “The Interface”
was shown at one of the special
sessions.

3. ENGLAND AND SCOT-
LAND:

At the request of Lady Hamil-
ton, Chairman of the Disabled
Living Activities Group of the
Central Council for the Drsabled '
who visited Cybernet1cs Research -
Inst1tute along w1th MISS Jayne B. .
Spain, Vlce-Chalrman of the Presi-
dent’s Commrttee on Employment
of the Hand1capped a techmcal'
exchange of information - was L
made between scientists and re-
searchers of C/R/I and personnel .
concerned with aids for the handl-
capped in England A presentatron o
was made for the ng Edward S
Hospital Fund for London atf'he :
Hospital Centre on July 17, 196
both in the mornmo and the after-
noon with about 100 people at-. .
tending the demonstratlons

. Cybernetics Research Institute :



D Alan. G, Mencher, United
"'States Scientific
hAmem an Embassy, London, said
ina letter to the Instltute, . |

b .wanted you to ‘know how. very.

© important I consider the work of
: ‘f’the Cybernetlcs Research Instxtute’
T .and how pleased we .are at the
‘.*‘.‘rv‘receptlon it “has recerved in thlS
L country [Great Brltam}

4, . oTHER VISiTS':" L

made the followmg v1s1ts R
rst Internatlonal Conference

fferential . Games,

_ 29‘ Octo})er 1,
Attache,

" tober’

‘Members of tne staff of C/R/I_ "

on" Theory and Apphcatlon of
September

Massachusetts;
tional Conference on the Blind in
Computer Programming, on Oc-
S o1, 1969, in Cleveland,
Ohjo.

Anne Sulhvan Macy Servrce‘

Center for the Deaf-Blmd of the

‘Industrxal Home for thc Blind, -
_Brooklyn, New York and the
Howe Press of the Perkins School
~ for. the Blind, Watertown, Massa-’
ehusetts for techmcal exchangesf

on current programs

Trlps were also made - ‘to the. -
Arlington’ County,'
and to the Partridge
~ School, Ga1nesv1lle, V1rgm1a the
: schools were exammed as poss1b1e :
' research s1tes m future studles

Page ‘School,
Virginia,

1969, at the Uni-
- versity of Massachusetls ‘Ambherst,
and the /Interna- .

S TV AND RAD[O BROAD-_{{_“"“‘_
(CASTS e

_was a

-shown after the Huntley-Brmkle

' ‘for the handlcapped

STV, networks have covered the

~ Office of Education project here
at, C/R/I ’Iwo vV programs were. "

given prime time exposure, one in
.Washmgton D.C,, and | one in ...
Loursvrlle Kentucky The ﬁrstf-
lomm color-sound ﬁlm
descrlbmg the project prepa

by NBC for Jean Smith’s-docu-

mentary - program “Probe,” and

Report on November 25 1968 i
" In September and Octobf

rred two programs sponsored

Agency covermg the_.,work 1n‘ ‘
program on man-machme system




-Appendix J

" It has been estimated that there

: *‘-'._are about 3 000 languages spoken
... ofi our planet, many of which do
N ”‘q‘not have a’ writing system; there-
s :fore ,commumcatmn through

. iumerous languages in a written
'”'form is not possible.* However,
for those languages wh1r‘h do have
'-'estabhshed wrltmg systems, sets of
' 1gns or svmbols known as graph-
'emes are employed ‘and - have
_»»;r{assxgned usages .These graphemes
’,.{represent e1ther a morphemic or
T Qphonem1c reference For example
‘the English word “tax” represents
a set of three Latin graphemes of
‘ivarlous subtypes of phonemic ref-
rence, all within the English writ-
en 'system. The  phonemic = ref-
rence of “t” s i/ and may have
. ,1°ht variations, but these are
{'ssentially of no consequence.
wever, . the reference of “a” in
~this* 1nstann,e is /ae/, it is reaily
"=m1srepresented by the grapheme
".‘" 2 S1m1larly, the reference of

Enghsh symbol “&”
5(ampersand), on ‘the other hand,
Tepresents a “reference’ to the
brpheme' and” or when trans-
‘lated. mto fhe phonemic reference,

,quence of phonemes, since only

-and

aénd/ Note that the symbol “‘&”
oes . not graphically represent a

:‘one_ graplnc symbol is discerned. if
e symbology -did represent the.

PHONEME STUDY
FOR PUNCTOGRAPHIC CODES

three phonemes /28/,/n/, and /d/,
then spellings such as “h&” for
“hand”, “s&” for “sand”, “&rew”
for “Andrew” might be appro-
priate. Hence, this particular
grapheme clearly has only a mor-
phemic reference.

‘Graphemes with morphemic
reference which represent an idea
are called ideograms. There are
writing systems which use
ideograms, one of which is
Chinese, where most of the graph-
emes have morphemic references.
However, in most of the normal
writing systems, graphemes have
references within the phonologic
system of the given spoken lan-
guage.

Individual phonemes have in-

. dividual graphemes, or individual

graphemes may represent a
sequence of phonemes. The first
system ‘is referred to as “‘alpha-
betic writing > such as in English,
the latter as “syllabic
writing,”
good example.

English has a phonemic system
in which subsystems are distin-
guished. The phonological analysis

- of the vowels presents difficulties

in English. Most Americans and

~Britishers have the very scme total

of vowel-phonemes in their pho-
nelogy, ‘although their description
varies from dialect to dialect.

In studying. the characteristics
of any spoken language, linguists
initially determine its phonemes.
To do this, they compare and

~examine samples of the spoken

of which Jjapanese is a-

languag: in question to ascertain
words ‘which are distinct in expres-
sion and in content without ref-
erence to context. Two minimally
different- samples which denote
differences of content and expres-
sion are commonly called a
minimal pair. By establishing the
differences of minimal pairs, it is
determined whether given pho-
nemes in the given pair contrastin
meaning and expression, e.g., bill
— pill; chill — _1111 till — dill; pet —
bet; wet — yet; met — net. '

In English, there are 9 simple
vowels and the tollowing 24 con-
sonant phonemes.t

/b/ asin bill  /t/ as in till
{df asin dill  /v/as in ville
/f/ as in fill /w/ as in will
/gl asingill  /y/asin yet
/h/ asin hill  /z/ as in zeal
/k/asinkill  /8/ as in thigh
{1/ as in lill /& asin thy

/m/ asin mill /¥ as in shall
/n/ asinnil /¥ asin rouge
/p/ asin pill  [¥/ asin chill
r/asinzill [} asinjill

/s/ asirsill  /p/asin sing

In order to demonstrate the dis- -
tinction between each of the -
aforementioned phonemes,
numerous minimal pairs “are

available with the exception of a ' |

few conscnant phonemes, such as

*Joshua Whatmough, Language: A Modern ™
Synthesis, (New York, Mentor Books,
1960). |

1George L. Trager and Henry Lee Smith, Jr.,
An Qutline of English Structures, 3d Print-

ing ~— American Council of Learned Soc1e~- o

ties, Washington, D.C., 1957.

- Cybernetics Research Institise " -




s/é’/ﬂiha /,}/, or /8 and /%/. In the

(Verb) wre'tth ~ wreathe; t}ust}e—
occurs;. rarely eg, dllutlon -
‘delusion; glacler — glazier. Similar
‘trrnes necessary to use ‘other.
of minimal pairs. | -

atory phonetlcs It is based on the
assumptron that characternstlcs of

‘case of [e/. .and. /3, only .five . ‘| .
'_mrmmal ‘pairs are - commonly
known: thigh . —. thy: ether =
ther; mouth. (noun) — mouth

_;thrs’ll The. phoneme /Z/ in Enghsh
,hlffrcultles arise in the- study of -
other: languages Hence 1t ssome- :
m_ethocls ‘than snmply the ﬁndmg' 1

o A

‘Qne of. these methods is artlcu- N O

speech. sounds are the resuIt of the

wpolnt Thus the con- 4

'TABLE XIV

LANGUAGES EXAM]NED AND APPROXIMATE

NUMBER OF USERS

',Indo European o
SN

Germamc
‘ (a) Enghsh

' () Dutch o

(c) - German
(d) - Danish-
(e) ' Norwegian
(). Swedish

@ Yiddish

‘Romance

. (@) Classxcal Latm

(b) Ttalian

. -#(c) . Spanish

.(d)_ Portugese (mcl Brazrl)

' " (e)’ Rumaman_.; ‘

1S
w?of speech from v,n"’_;- ‘”“Flnno-Ugrlan e
1.

() French
'»"Slavomc

(@) Serbo: Croatxan o
_(b) “Polish . TS
{e) Russnan
’-'(d) Other

"l‘Indo Iraman (Persran Pachtu Afghan)
-'Armeman .

‘Hungarian =~

: 45 000, 000

1,979,000,000

~ 400, 000,000

+15,000,000-

90,000,000

15,000,000

3,500,000 |
75500000 |
© 5,000,000 [

T 1120, ooo 000
0,000,000

20,000,000 °

60 000 000

20,000,000, )

35, 000,000

h """'200 000,00

©10,000,000 |

5 OOO OOO

4500000




_MANNER OF ARTICULATION

SEMI-VOWELS

AFFRICATES | FRICATIVES
AFf‘RlC\AT'J_"Eé_ (SPIRANTS)

CTRILLS
LATERALS
NASALS

VL vo VL ‘V.D.




All' the consonants are char-
o ‘acterlzed by closure or narrowing

_-at 'some point in the ‘mouth and

- are. classified by this point of
- articulation. In each case there are .-

}‘,tWO parts which are called articu-
iy lators, and they are brought to-

”gether 'when we sp+ ak‘or_utter'

“"'”words

""-‘-and, ‘intonation are " phonemic.

‘In the Engllsh language, stress

However, a detailed discussion of
their value ‘is inappropriate here .
since that would be beyond the
scope of this phase of the study or
\its - application - to the

com-

munication problems for the

handicapped to which this part of

the study is directed. In ascer-
taining the phonemic content
most suitable for a simplified
punctiform system for the blind,

stress and intonation should not
be considered at this time.

Using the same methods, in
addition to English, the investiga-

tors have examined 29 other
languages spoken by approxi-

mately. two bllllon people (see

‘Table XI1I).

Figures 30 and 3! show aggre-
gated consonant and vowel pho-
nemes contained in these languages.

‘PO_IN‘T, OE‘ARTICUL.ATION
lFRQNT  CENTRAL | BACK
e R ] w R
;‘. 3:).
{;;f}

LABIALIZED

,ROUNDEDL“
UR=UNROUNDED

ﬂﬁLENGTHENtD

cond Report;:Volume II,:1970

Chart onggregatedVowelPhonemes




' f of. blmd and s1ghted sub-'

C] One conclus1on he reached .
s that: the listening. - ability . -
scores of the 51ghted subjects were .

the' : blmd subjects

e ..C Hart]age' i
)< :'(1963) ‘also made a: comparatlve’ -
: study and found that slghted sub-"

Q,.school students The groups were_'l

! Judged for. several different charac~‘
Af tel‘lSthS, 1nc1ud1ng degree of hp
movement in speaking;. W1th hlgh :
. inter-judge rellablhty The - results;-,

- showed that the. s1ghted group: was:i,
judged -as speakmg with ‘more: lip-

movements than the bhnd group, ,
with.. the.- 1ntergroup dlfference
51gn1f1cant at the 2. percent level

‘L. E.'Minor (1064) conducted a’
study mvestlcatmg the 1nc1dence

of speech: defects in the v1sually

1mpa1red populatlon Two




of its three forms. Testing was
conducted in locations most.con-
venient to the subjects, away from
S Speech distracting noises.
Acquired Attended Attended Attended - Problems in :

L . or Home = Public  Special School Hearing HInmedijate RESULTS AND DISCUSSION:
VSSubJect Congemtal State  School Classes for Blind Normal Family

| TABLE XV
Summary of Subject Characteristics

ol A NY. X X X Six subjects made no errors on
2 A L ‘ X X the screening test. The remaining
3 A I X X X two subje;ts erred on three dis-
tinct sounds in various positions.
4 c I X X X ; ‘ i siton
S o X X Subject No. 4 evidenced mild dis-
5 ‘ C ' Conn. R X tortion ‘of /s, z,8 /, which could be
6 ‘ A L - X X X attributable to new dental braces
w7 A L X X . (upper and lower). Errors made by
-8 A Mich. X X _ X _ Subject No. . 5 were lateral

B _ emission of /1/ in the initial and
. different provisions regarding the  medial positions, and addition of
education of blind children), types  /g/ to /y/ in medial and final
.Slnce few students with serious  of schools attended (since schools  positions. Though these errors
=V1sua1 1mpa1rment were enrolled in  for' the blind often incorporate  probably could not be corrected :
i;the Un1vers1ty of lllinois (Urbana) speech courses specifically di- by visual reference cues, tactile-
: ,a;_'1969 summer session, the subject rected at ' eliminating - ‘blind  kinesthetic feedback might be ef-
f»f;;"sfar}ri’ple for the study reported speech’), and family history of fective in error reduction. In
o 'he'rein consisted, of seven univer-  speech problems (because a speech  essence, then, no errors were inade
s1ty students (six graduate stu- problem might be attributable to  which would. show  correlation
: dents and - one undergraduate).  poor speech models). between visual defects and speech
“One high schoo! student also par-’ The testing session consisted of deficits (see Table XVI).
01pated (see  Table XV) Eti- recording the case history, Two main questions have
IOIleeS varied, but none of the checking hearing in speech fre- arisen: (1) Is there any valid:
ubjects. had had prolonged hospi-  quencies (500-2,000), and admin-  speech screening or diagnostic test .
alization - during: .the critical ~1ste11ng the screemng test in one -availa'ble for “use with visually
nod for speech development - ' ‘
Eqiipment _usedin " the study R ‘ TABLE Xvi )
d_é shoi' case\h1story form, | Summary of Subject Performance s
Beltone Model 10-A Audio- | Tl -
the Temphn-Darley Subject = Test Administration, Test Results - Extraneous Factors

"'bf Artlculatlon Sentence‘ - 1. repeated sentences no errors

'w’as modlﬁed and 2 ) Braille ' no errors
'3 oversized print noerrors . .
4 B'raille"._ A 3errors . - new ‘dental braces,
ed prmt, or oral Kt L ' - . (see text) . - upper and lower
15 Brallle SR 4errors .. ;
6 overslzed pnnt . no errors
.7 . repeated sentences - O errors

'8 . oversized print . - noerrors.




iandicapped  individuals? (In the Darley Test of Articulation,  blind and partially sighted which
above study, -‘the testers' 'sub- - although the test has not been could be eliminated by speech'
t1tuted the sense- of touch for the ~ proven valid when administéred in  * courses aimed at this probleim?.
'sense of sight in order to obtaina  this braille form.) (2) Are there These questions deserve further
~braille form - for the Templin-  specific speech anomalies. of ‘the rrstudy
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fC'/R/'I' is currently conducting

onal research program_ at the

in Leetsdale ‘Penn-
Eight severely ‘handi-
,capped chrldren are being taught
10 :commumcate through writing
h' the use of bilateral-input

hildrcn,‘.

1th,‘ extreme d1ff1culty Their at-
mpts to operate’ ‘any style of

.117, )

ha “Cybertype keyboard in-

4-key ‘frnger-operated interface

children. who have suff1c1ent'

126, ' 128,129).

- ‘"l27)typed stanza7, Veronica

‘individual and group instruc-,

D.T: Watson Home - for Cr1pp1ed ‘

keyboard systems. These children
'cannot produce cursive
andwr1t1ng or can: do so only s

’pewr1ter,have not been success-
_ach chlld has becn prov1ded'

terface conﬁgured to match h1s»
1ing motor capab1l1t1es ‘The:

n prOV1ded for five of the
typing ‘an
- “Cybertype.” Helen, the author
.‘(Subject ‘No. 124) typed the title
wand; the- first three stanzas, Diane
: (SubJect No. 128) typed stanzas 4

ordmatlon to- operate the:
W1th at least ‘one .. finger or -
\e , hi{ hand (SubJects

and Donme (Subject No

sits in a chair which supports her
legs so that her feet “float” closely
above the 14 key tops. Two keys
are then activated concurrently by
simple toe depressions, one from
each foot.

Another child, (Subject No.
124) is a quadriplegic who can
provide enough motor coordina-

‘tion- in" arms and hands to strike
‘the: large keys of the pedal inter-

face (placed on a table) with the
heels or sides of her hands. This

- subject has never been able to

express herself in writing through-
out her 16 years at the Home. She
has wnsrderable intellectual po-

' t_ent1a1‘ as ev1denced by her poem
: f,“Those Sixties.” Five of her class- -
. mates who are also subjects in this

study shared with her the joy. of
having her poem reproduced each
assigned verse on

ndI:'S"‘,' Andrea (Subject No. 129)
yped‘jstanza 6, Tony (Subject No.

Subject No 125) typed stanza 8,

?the .'lﬂst two stanzas Her
‘ were

E feet, and-: Subject No .
. the pedal interface w1th her hands e

part1cularly

- lated to the keymg combmauons'j. .

INDIVIDUAL AND GROUP
INSTRUCTIONAL PROGRAM

face,” consisting of 14 keys whic"
are larger than the keys of the
finger-operated interface but
smaller than the keys of the pedal
interface (see plate 3b, Volume I,
Part Two). This youngster is also
typing successfully by operating
pairs of keys with his two hands.
Most of the children are in-
structed in’ groups by Mrs. Anna
Mae Gallagher a senior member of
C/R/I’s spec1al ‘education staff,
who is in residence at the school
during this program. Four of her
subjects are instructed together as .
a group, consisting of three chil-
dren (Subjects 122, 125, and 126)
operating the standard 14-key in-
terfaces, and- one child (Subject

No. 127) using the fist interface."

Two of the children (Subjects 128’
and 129), using the standard
14-key interface, are taught io-
gether as:a pair. The remalnlng_ |
two children, SubJect No, 123
usmg the pedal 1nterface wrth her‘ '
124 us1ng ‘

are seen individually.; S
- EBach chrld has received 1 hour : -

__of instruction each day, 4 daysper . .
122)
: developed
i;.:.z(Kafaﬁan
'learnmg ‘"ald. iThe assoclatlon ‘

week. - The. “Cyber-C1rcus Story,” S
.by Mrs.. Gallagher-’: '
1968), s ~used:'as;:a

. 'L_,‘_“...for the various letters, .symbols; S

’ 'umque and exc1tmg 1nstruct1onal e

and typmg funct1ons _provides




. THOSE. SIXTIES
TR

ybernetics-Research:Insti




erials Qvliich"the elﬁldren really '

-'l970 and the chrldren learned
he keymg posrtlons for all letters :

he chrldren have developed‘
erable sklll m usmg thelr.

1 c'o mmumcatlon comes e
rth dlfflculty

- that it-is imp_ortant that this

'ﬁbalance, which could very
‘well increase the athetoid
~movements and fatigure. 1
- think that. Donnie is' doing
- well enough with the “Cyber-

~ try him on a regular type-
" writer . and. ‘'see how well

‘ Sub'jec_t No. 123. “Carolyn is
. using" her feet in typing but
~~has been keeping her shoes
- in her typing because she has
B . words she- wants and then
~ what buttons she wants to
- 1nterface] w1th the big knobs

- and: she:types fa1rly well with
this board_‘

bare: feet thrs glrl Wlll learn-b.;;,,“_v_ L

board to control his athetord
movements. ... I also think

do any kind of writing. Her
speech is fairly good, but she
does have difficulties in co-
ordinating tongue, throat;
and mouth muscles in her
speech program and would
tire rather quickly if she had
to talk for long periods of -
time.”

Subject No. 124. “From the
physical therapeutic stand-
".point, ‘according to Mrs.
Gallagher Helen when she
started out, would take al-
most an hour to.type one
sentence, and now she is able
to type a. full letter in ap-
proximately a half hour.
- Also, the control of the arms
is improved. With the right -
-arm she has fairly gocd con-
“trol: and uses the palm of the -
hand on the large: knobs of . -
the [pedal interface]. On the
left. side, she: is using the
loaded cuff or the side of the '
“hand, the ulnar s1de, to press
the buttons down ” ’

SubJect No. 125. “Veromca ‘
(recen'tl'y) had hand. Sphnts j
made and checked out. .

boy be close enough to the
table so ‘that he .does not
have to lean forward and
thus have his body out of

netics Board” that in another
6to8 weeks perhaps we can

things
time.”

are - going at that

on and has not developed
much speed and coordmatlon

to- continually - look at the .
Jook down at her feet and see

push. She is using the [pedal -

1 ‘am- recom-‘ -

» Veromca, I would like ‘to: i
R .recommend -that - we- try. - -
Ther] - on. ‘the - Cybernetlcs3 :

: = ;Program [C/R/I] w1th ‘the:’
w1th some tralnrng 1n her]

a’few" sessmns she mlght not:*
_ get just: as’ good control this’
‘ ‘way as she has w1thout the

S typmg'thls way, and she feels
-‘"that it would bea shame not
.to have her contlnue 1n the

. Rather than dlscontlnumg_--,_"'v"'“-*l




y. favorite:
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 She lost her shoe.vr

Arekthe;shells her\e'>

Pllen s shells are her»e..-'

Mae Gallagher

gkgloves to typewrite "l




D. T. Wa‘t:Soh Home
Leetsdale Pennsylvania
Febr'uary 19, 1970

*Mr* W:Llllam E. Har'mson
2746 Eighth Street
'ERie, - -Pennsylvania

"'_"Dea.r Sar

My father was called “to Chicago yesterday

iTe ‘asked me to let you know that he cannot meet

R -_you on. Wednesday of next week as Dlanned

Slncerelv your's
| Miss..Heleﬁ Kern

Observations:

| Anma Mee Gallagher == <o
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Katie 67Lozow Februaryy 177, 1970

Please ask dad for a cake.

‘/annille_l is'my ffavorite flavor.

Think aa and work, JJake.
Work and think,, John.
Ever"yvone loves to win..

Observations
Anna Mae Gallagher

| ‘I'h.; ) sentences w:tthout doubl:l ng words is success for Katie. ©She
B is try-.lng very hard. and I think in time, all will be well for her.

" f_°he is a very nervous child. and has extremely ;]ittery fingers.

 Figuré 37 Typirig Sample — Subject No. 126

i ‘."‘:.'C)'{:bém'e‘t/iCS'Re’vsearch Institute




rling boy.

fifs one error ves the faul

Ve

4 ot nts Flstitng

When he has a good

'I'11 have no errors,"




Diane E.. Provan : - February 17, 1970 ‘
Think and_ Worjk,v Jake. | '
Work and think, John.
‘.Ever'y one lovess to win.
Please ask. dad for a caJ<e.
Vanilla is my favorite flavor.
‘k"Dii'd"youfind the exit door?
Dad' tuxedo is here, Roy.
. He had a sneezmg spell
| She rode her blke home.

Kathryn saw grazing cattle. T did too.

January 22, 1970 G Julyu 1776
*March 17 1970 - June 31, 1970
- 27 19 36 so 258 1u6 370 9014 |
aren't j wétsn't boy'" g bb boys _fgirl"_s _7'-851’1.5;

Observations o : ‘

, : L Anna Mae Gallagher_ o
v”fD:Lanev had class alone today as Andrea" chair needed more repa:lr. _
"‘Diane nas‘”a perfect paper and learned many of the punctuation marks.li‘»--"‘-
"'-aShe retains what is taught and never seems to forvet. She types "
;{;;f slowly .'owingto her condition but’ ‘she :ls accurate. | S

c - Subject No. 128"
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) Typewrlter” ‘ [“Cybertype”]
learned hand control :from
'-f.f‘started she md not release

‘would get a repetition of one

.ful.‘ :
gtechnlque of pushmg doWn

of release whrch has helped

of- letters I have notlced 1n

f“‘SubJect No 126 “Katre has'i"_‘ B
“been_ _on'.'the .“Cybernetlcs ‘

‘now. for a month She has
_this, in that when she first
the fmgers and consequently'

j_letter several times . so that
rthe typmg was not meanmg—‘ '

he. has now developed a..
and a very. accentuated type- .

her in typmg, and she isno
~longer makmg the repetltlon o
. grade..

-the program that Katre is
keepmg ‘her, head in flexion .

so that'she can see the’ board_ B
f 'the wheelchalr table and I' R
- : “sheis able. to keep the letters SIS
e w1th1n the hnes on the paper;,
v j_‘_;;"._‘,but it is- ,xtremely slowand = -

He is ‘using the intermediate

diameter ~ and

- board: with the ‘buttons ap--
- proximately 7/8 of an inch in
‘about. 3-% .
‘inches apart, and in using this
“board he is able to control
_ his hands quite well now. . .I

certainly think that for Tony

- this is a very definite means -

of communication because .

his writing is extremely dif-

ficult. He is not able to keep

. the letters within the linés'on
R the - paper, and he prmtsv

rather than writes.” -

Subject No. 128. “Diane is 9

:In watchmg ‘her
write, she stlll is prmtlng and

“she certamly would have con~'__5 :
“-’,‘:s1derable T
'wrltmg any length of a report b

dlfflcultles

“years old and is in the third °
.:it. is ‘amazing to.
watch this" girl ‘type with =
absolutely no- help from Mrs.

- Gallagher

) “Cybernetlcs .
_key] She. ‘mneeds .no help m '
her typlng, and she has come

- only recommendatlon that ;
"'would have at.; thlS t1me
:':‘.'f:: !would be to hghten the
g v;spr ing load on the “Cybe‘

: fableg o commumcate
-mvocally W

’ maybe several years away

yet.” : »
sSubJect No 129 “Andrea i 1s
'8 years old and has severe
osteogene31s ‘imperfecta. .
She found that by puttmg a’
thimble on' the left thumb
she could control the d1stal
phalanx ' of the thumb
enough to get pressure - [to]

.. push down on the keys. On

the right hand she uses the

““thumb at times and at tlmes

uses  the middle ﬁnger to

*"press the keys. down I am:

amazed at how well this glr‘k ,‘ o
has learned to master the
Board” [14- L

~-long - way. in the past
month - In her new cha1r SE
she has good posture, and the s~




